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This report was prepared by Southern Research Institute under USAF -
Contract No. AF 33(616)-3876. This contract was initiated under Project e
No. 7360, "Materials Analysis and Evaluation Techniques, ' Task No. 73605, S
"Design Data for Metals'". It was administered under the direction of th~ N
Materials Laboratcry, Directorate of Laboratories, Wright Air Development :-:‘-::j
Center, with Mr. A. Brisbane acting as project engineer. '_" .-
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2 -

-_‘f The tensile, compressive, bearing, and shear properties of the follow-

oy ing sheet metals were determined at various temperatures after exposure -
. times of from 1/2 hour to 1000 hours at the test temperature: Lo

o 1. A-236 austenitic alloy, quenched and tempered R -
> 2. 17-7 PH stainless steel, RH 950 condition e

- 3. Thermold J alloy steel, quenched and tempered S

H 4. Type 420 stainless steel, auenched and tempered “ T
>, k 5. Type 422 stainless steel, queached and tempered O
Ny 6. 17-22 A (S) alloy steel, quencled and tempered -

:::: The A-286 alloy was tested over a temperature range from 75° F to 1200° F, PO |,
i the Thermold J from 75° F to 1100° F, and the other alloys from 75° F to ;; p i
N 1000° F. N

\", s

:3_‘ In all of the test zlloys, the strength properties and moduli of elasticity

':f decreased with increasing temperatures. The strength properties of the

\ Thermold J, Type 420, Type 422, and 17-22 A (S) tended to decrease by vary- v e
! ing amounts with increasing exposure times at the higher test temperatures. F

. These decreases in strength are believed to be associated with structural SRR
- changes produced by tempering. At lower temperatures, the properties of T
, these materials did not vary significantly with exposure time, indicating that N

X the structures were stable at those temperatures. The strength properties of DN

i the A-286 alloy and the 17-7 PH {RH 950) stainless varied somewhat erratically fisea

with increasing exposure times at the higher test temperatures as a result,
probably, of aging phenomena in both of these precipitation-hardening alloys.

The simple ratio relationships between various properties under equiva-
lent test conditions were approximately equal in magnitude and in consistency
to those previously determined for other materials and reported in WADC
Technical Report 56-340. For the entire ranges of materials and conditions
used in this work, the consistency of the various property relationships ranged
from + 17%.to + 71%. Precise data on the mechanical properties of aircraft-
structural materiais can be obtained only by testing under the desired condition.,

BN CIAFUPRRTRT AR g g L U

PUBLICATION REVIEW

\ This report has been reviewed and is approved.
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o DETERMINATION OF TENSILE, COMPRESSIVE, BEARING - ‘,:L:
: '_'.fjl; AND SHEAR PROPERTIES OF SHEET STEELS ::;::'f-
R - AT ELEVATED TEMPERATURES S
. 4t 1 .' i

o %

A M

) SECTION I. INTRODUCTION o

1.1 Purpose of the Program B
Many alloys at certain temperature levels are not susceptible to struc- ",7
tural changes. Elevated-temperature properties under these conditions are P

o determined by the magnitude of the temperature alone. Under alloying and T

o temperature conditions that do bring about structural changes, such as ‘f:::: f
' ‘{ precipitation and grain growth, the elevated-temperature properties of S

o metals are functions of both temperature and time at temperature. Design v

- data based on elevated temperature tests with the standard exposure time y‘.’*

~ of 30 minutes are not necessarily applicable to aircraft parts that will be

o used for extended periods of time at elevated temperatures. -

N

:::‘:} The purpose of this investigation was to determine the effects of expo- SRNeE

o0 sure times up to 1000 hours at test temperature on the elevated-tempera- ilia
{ ture tensile, compressive, bearing, and shear properties of six aircraft- e

",'.;;j structural sheet steels. L

.:" 1.2 History of the Test Program I
© Under Contracts AF 33(616)-2741 and AF 33(616)-3224, Southern """'_:

Research Institute has carried out a previous program on the determina- e

" tion of tensile, compressive, bearing, and shear properties of ferrous S
, and non-ferrous structural sheet metals at elevated temperatures. The -f.*,-_j:j:j
. RS results of the program were reported in WADC Technical Report 56-340, e
R 2. which was r« leased for publication in October 1956, The basic test equip- \ . oA
ment and metho '~ used in this present project were developed during that :“‘“‘

.'j:j: first program and were described in detail in the report. i-:::::,:

'..\ K '_.
' '\‘::'. ::’,:::',

.8 1 Manuscript released by authors Sept 1958 for publication as a WADC rj-,-j-.}';
by Technical Report R

%S e
2 o

AN N
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SECTION II. SCOPE RN

2.1 Test Materials

"R\ S

- The test metals and the heat-treated conditions in which they were jlj'.:lj
’ tested were as follows:
i 1. A-256 austenitic age-hardening alloy—-1800° F 1 hr t' :'_?-,}

argon atmosphere, O. Q., 1325° F 16 hr, A, C.
2 AR
N 2. 177 PH stainless steel —RH 950 condition—1750° F R
- 10 min argon atmosphere, A. C., -100° F 8 hr, 950° F - '.'-; -
- 1hr, A. C. N
| S
\ 3. Thermold J alloy steel—1350° F 15 min argon atmos-

phere, A. C., 1000° F 2hr, A C., 1000° F 2 hr, A. C. T

4, ‘Type 420 stainless steel—1300° F 15 min argon atmos-
phere, O. Q., 900° F 3 hr, A. C.

5. Type 422 stainless steel—1900° F' 15 min argon atmos-
phere, 0. Q., 1000° F 2hr, A, C.

6. 17-22 A (S) low-alloy steel—1750° F 15 min argon atmos-
phere, O. Q., 1300° F 1 hr, A, C.

N JEEEDS YYD LR o

For each test metal all test specimens were heat treated simultaneously,

. A
'I The mechanical properties and chemical analyses, furnished by the T
/ manufacturers of these materials, are shown in Tables 1 and 2. Two !’—'
- thicknesses of each material—0.062 in. and 3/16 in. —were required to N
K provide for the various specimen designs that were used in this investi- o :'\{
- gation. As shown in Tables 1 and 2, both thicknesses were obtained from DB
- the same heats of Thermold J, Type 422, and 17-22 A (S), whereas it was RN
! necessary to obtain the two thicknesses from different heats of A-2886, Vo ow
N 17-7 PH, and Type 420. :-‘,'f-'f:::j
. S
- 2,2 Test Conditions R

Test temperatures ranged from room temperature to 1200° F for the
A-286 alloy, to 1100° F for the Thermold J tool steel, and to 1000° F for
the other test materials. Exposure times of the test specimens at the test
temperatures prior to testing ranged from 1/2 hour to 1000 hours. The
range of exposure times was the same for all of the test materiale. An

LS. GRVENENES S SN NP RN
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outline of the test temperatures and exposure times for the various
materials is shown in Table 3.

For the 1/2-hour exposure times, each specimen was heated, aged,
and tested in one continuous operation in the testing furnace. The longer
exposure times were carried out in separate aging furnaces. After the
specimens were exposed in the aging furnaces at the required temperature
for ten minutes less than the nominal exposure times shown in Table 3, they
were air cooled. During the tests, the specimens were reheated in about
20 minutes in the testing furnace to the same exposure temperature, held for
ten minutes, and then tested.

2.3 Properties Measured

Tensile, compressive, and bearing properties were determined on the
0.062-in. -thick sheet materidls, whereas shear properties were determined
on specimens machined from the 3/16-in. plate. Tensile tests were also
conducted on the 3/16-in. plate in order to provide a direct comparison of
tensile strength between the two thicknesses of each test metal.

In tensile tests on 0.062-in. sheet, the complete stress-strain curves
were recorded, and the following properties were determined: 0. 2%-offset
yield strength, ultimate tensile strength, modulus of elasticity, rupture
strength based on the criginal specimen cross-sectional area, rupture
strength based on the final specimen cross-sectional area, and total elong-
tion. In tensile tests on 3/16-in. plate, only the ultimate tensile strength
was determined.

Compressive stress-strain curves were recorded through the C. 2%-
offset yield point, and the following compression properties were deter-
mined: 0.2%-offset yield strength, modulus of elasticity, and tangent
modulus at various stress levels up to the 0.2%-offset yield strength.

In the bearing tests, stress-deformation curves were recorded
through the yield point. The bearing yield strength and ultimate bearing
strength were reported for each bearing test. The bearing specimens
were loaded in tension through two clevis pins that fit snugly in bearing
holes at opposite ends of the specimens. The deformation recorded in
these tests was that which occurred in the smaller bearing hole, which
was 1/4-in, in diameter. This deformation was equivalent to the
relative displacement of the center line of the 1/4-in. bearing pin with
respect to the original center line of the 1/4in. bearing hole. Bearing
failures consisted of fractures of the test specimens adjacent to this
bearing pin. Bearing yield strength was defined as the stress that pro-
duces a permanent deformation of 0. 05-in, which is equivalent to 2% of

WADC TR 58-365 9
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the bearing hole diameter. For the calculation of bearing stresses from
load measurements, the bearing area was considered to be the area of
contact between the 1/4-in. bearing pin and the bearing hole projected onto
a plane perpendicular to the direction of loading. This area is equivalent

to the product of the diameter of the 1/4-in, bearing pin and the thickness
of the bearing specimens.

Ultimate shear strength was the only property measured in the shear
tests. No deformation measurements were made in these tests. The type
of shear-testing fixture used produced shear failures across two cross
sections of the pin-type specimens. Shear strength values, therefore, were

determined by dividing the ultimate load by twice the cross-sectional area of
the specimens,

Hardness determinations were made on all test specimens at room
temperature after the completion of the tests.

SECTION III. PREPARATION OF TEST SPECIMENS

The dimensions of the varicus types of test specimens are shown in
Fig. 1. Two sets of bearing specimens with edge-distance to hole-dia-
meter ratios of 1.5 to 1 and of 2.0 to 1 were tested at all combinations of
temperatures and exposure times cmployed in this investigation. The edge
distance is defined as the distance from the center line of the 1/4-in. bear-
ing hole to the adjacent edge of the specimen,

The major axis of all test specimens was oriented in the direction of
rolling.

Stress-strain characteristics were determined within a 2-in, gage
length on the tensile specimens and within a 1-in. gage length on the com-
pression specimens.

In order to facilitate proper loading alignment in the compression
tests, special care was taken in machining the compression gpecimens
to insure that the loaded ends were parallel to each other and perpendic-
ular to the longitudinal axis of the specimens.

All of the tensile, compression, and bearing specimens were
machined to the final dimensions before they were heat treated and ex-
posed to the aging temperature., The ends of the compression specimens

WADC TR 58-365 7
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;1:. were ground slightly after heat treatment to insure flatness, smoothness, R
:‘.j-}' and proper loading alignment. Since slight distortion or warping of the PRSAN
=y shear specimens prevented them from fitting easily into the test fixture, :
. they were machired oversize and heat treated before being ground to the PR
“u final dimensions. Ay
:E::: .
~ NG
B SECTION IV. TESTING EQUIPMENT T
S
o The following are the main items of equipment used in the tests: RN
N e
-\‘- -- °
4 1. A 120,000 lb-capacity Baldwin universal testing machine, ed
.7 which was used for loading in all tests. g‘:» %
. NGO
- 2. Suitable loading'fixtures for the tensile, bearing, com— A
_ZC: pression, and shear tests. These fixtures were designed -I-::-;
N and made at Southern Research Institute. NN
-.\- ' - _'. j‘_‘ .o
g 3. Preyield and postyield extensometers for the tensile tests, _P;’_‘
;‘; an extensometer for the compression test, and an exten- .::-::j-:
) someter for the bearing tests. These fixtures were designed e
A and made at Southern Research Institute. ',;':ﬁ:}-
i RS
' 4, Aload-deformation recorder. A standard Baldwin auto- o
~ graphic recorder was modified and adapted for this work,

%

sr: 5. A furnace in which the elevated-temperature tests were

i) carried out. This furnace was designed and built at S
I Southern Research Institute. b
2

:-.; Most of these items were described in detail in WADC Technical

X Report 56-340. For the present work, however, several modifications

A . . . . .

o have been made primarily in the compression fixture and in the test

furnace. The discussions of the test equipment that follow are intended
to review the previous descriptions and to point out the modifications.

4.1 Compression Tes' Fixture

Sl :‘n':'." s

Pala

The compression test fixture, as shown in Fig. 2, consisted of a
socket, a loading plunger, a subpress, and two guide blocks, all of which
were made of quenched and tempered tool steel. The principal modifica-
tions were the addition of a socket to facilitate Joading alignment and the
incorporation of vertical grooves in the faces of the guide blocks to reduce
friction.
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Fig. 2. Compression Test Fixture
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To support the concentrated compressive load from the specimen, a
carbide insert was incorporated into the base plate of the subpress. The
fixture was supported in the furnace, as shown in Fig. 3, on a structural
steel pedestal. The pedestal, which extended through the bottom of the furn-
ace, rested on the lower crosshead of the testing machine. A 1/4-in. -
thick transite plate separated the fixture from the pedestal. The transite
plate contributed to temperature uniformity in the specimens by minimizing
heat loss through the pedestal. Also shown in Fig. 3 is the upper end of the
compression extensometer,

The guide blocks were necessary to support the specimens and to pre-
vent buckling of the specunens under compressive loading. In order to mini-
mize friction between the guide blocks and the specimens, V-grooves were
cut in the bearing surfaces of the guide blocks parallel to the direction of
loading. The grooves in the guide block supporting one side of the specimen
were offset from the grooves in the other guide block as shown in Fig. 2.
Also, to minimize friction the compression specimens were throughly
cleaned and lubricated with Molykote. Support pressure on the specimens
was controlled by three adjustment screws. To provide a uniform support
pressure, the screws were tightened to 5 in. 1bs with a torque wrench.

All parts of the subpress were accurately machined to insure, as
nearly as possible, perfect vertical alignment of the specimen and the load-
ing plunger. Also facilitating loading alignment was the socket, as shown in
Fig. 2, that formed a ball-and-socket joint with the loading plunger. The
top of the socket, which was covered with a transite disc to minimize heat
losses, was loaded by a heavy rod that extended from the upper crosshead
of the testing machine.

4.2 Tensile Test Fixture

The tensile specimens were loaded through two pull rods that extended
from the upper and lower crossheads of thz testing machine and formed clevis
linkages with the shoulders of the specimens as shown in Figure 4. Both the
clevis pins, which were 1/2-1n. in diameter, and the pull rods, which were
1-1/8-in. in diameter, were made of quenched and tempered tool steel.

Figur e 4 also shows the extensometer attached to a specimen with the
extension rods extending below the specimen and the transducers attached

to the lower ends of the extension rors.

4.3 Bearing Test Fixture

A photograph of the bearing-test setup 1ncluding the fixture, exten-
someter, and a specimen 18 shown i1n Fag. 5, Fig. 6 is a schematic

WADC TR 58-365 11
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illustration of the loading mechanism and of the method of extensometer
attachment. The bearing specimens were loaded by two pull rods through
clev.s linkages at each end of the specimens as shown in Fig, 6. The pull
rods and bearing pins were made of hardened and tempered tool steel.

4. 4 Shear Test Fixture

The shear-test fixture included two pull rods with 1/4-in. slots in one
end of each. These pull rods formed clevis linkages with a 1/4-in. -thick
center plate as shown in Fig. 7. A 1/2-in. diameter bolt was used for one
clevis pin; the shear test specimen was the other clevis pin. The pull rods
and center plate were made of quenched and tempered tool steel. Hard,
replaceable inserts with 1/8-in. inside diameters were fitted into the bottom
clevis holes in the pull rod and in the center plate. These inserts prevented
deformation in the fixture in the vicinity of load application to the shear speci-
mens, Both hardened-tool-steel and sintered-carbide inserts were used
successfully in this application. The carbide inserts tended to shatter after
about five tests or less. Whereas no difficulty was experienced with shatter-
ing of the tool-steel inserts, they tended to deform appreciably during tests
at temperatures above 1000° F. At test temperatures up to 1000° F, there-
fore, the tool-steel inserts were used; at higher temperatures carbide
inserts were used. Each set of inserts was replaced after twelve or less
tests, so that no appreciably deformed inserts were used in any of the tests.

As the shear fixture waa loaded in tension, the specimen was held rigid,
with little deformation, until it sheared in the two planes that formed the inter-
faces between the bottom pull rod and the cenrter plate.

4,5 Extensorneter»

Two extensometers were used in the tensile tests. Up to the yield point,
a very sensitive and accurate "preyield" extensometer, which was actuated by
SR-4 strain-gage transducers, was used, Beyond the yield point, the plastic
strain was measured by a less sensitive "postyield" extensometer, which had
a differential-transformer transducer. Sincc two extensometers of different
sengitivities were used in the tensile tests, the complete stress-strain curves
were recorded in two segments. The first segment, from zero load through
the yield point, was recorded on an expanded scale for the accurate deter-
mination of modulus of elasticity and yield strength; the second segment,
from the yield point to rupture, was recorded on a compressed scale for the
determination of ultimate strength, rupture strength, and the general shape
of the stress-strain curve.

The preyield extensometer for the tensile tests and the compression
extensometer were almost identical in design and in operation. They
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consisted of the following parts, all of which are shown on a tensile speci- i

-2 RN
o~ . . s
o men in Fig, 4. -~
“

1. Hardened steel kmfe edges, which were screw-fastened
across the width of the specimens at the gage points,

il
|

A Z
Z
.-
:
v

_\: :4 s
"'_;- 2. Two sets of stainless steel extension rods, which extended R
P downward from the knife edges out of the test furnace on Sl
! opposite sides of the specimen, ‘ b
~ 3. Two SR-4 strain-gage transducers and two steel trans-

I ducer mounts, which were attached to the lower ends of
the extension rods.

s
!
“1‘ .

P N .
e T RN .

1
L3

cuit of the preyield extensometer was disengaged and that of the postyield
extensometer was engaged to feed its calibrated output into the autographic
recorder.
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- The various parts of the transducer mounts and strain-gage trans- el
oy ducers are shown in Fig. 8. As the tensile and compression specimens - ‘Q
-';:;:‘ were loaded, the relative displacement between the gage points was trans- ft o
¢ ferrcd through the extension rods and the transducer mounts to the SR-4 A
“ strain gages, which were 6 in. long. Vo
\j A thin beryllium-copper strip was fastened in a horizontal position to :Z;Zj
j,-\.’ the guides of both transducer mounts. This strip prevented any lateral dis- e
i placement of one mount with respect to the other. The strip, however, was e
'-' quite flexible in the vertical direction and did not interfere with any differen- o
- tial displacement in the direction of loading. This provision for differential S
;-f.; displacement in the direction of loading was necessary to detect and to aver- Z;:-
:;' age the differences in strain on two sides of the specimen, Ifj'{:,:
;.‘" h‘.'\'..'
“’uﬁ The active SR-4 strain gages of the tensile and compressive extenso- :;:"
meters were connected in a bridge circuit with two dummy gages. Excita- e
o tion for these extensometers and for all other extensometers used in this i
o work was provided in the form of 15-volt, 60-cycle AC from a transformer RONS
N in the recorder. The output from the bridge circuit, which was calibrated '.',::'.;:
N in terms of strain, was fed into an autographic streas-strain recorder. i
Pd L B2
'.:;_f When the strain in the tensile tests exceeded the yield point, the cir- JJ.

AN
.'

3 a
5 %

) A diagram of the tensile postyield extensometer is shown in Fig. 9.

::'(: The linear-differential-transformer transducer was actuated from the cross- o
t,, head of the testing machine through a wedge that produced a suitable reduc- ‘
ol tion ratio of crosshead travel to core travel. -
o enl
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The extensometer used in the bearing tests is shown in Fig. 5 and is
illustrated schematically in Fig, 6. This extensometer is a modification of
one commonly used in elevated-temperature tensile tests. One set of exten-
someter rods was attached to the edges of the specimen on the horizontal
center line of the 1/4-in. bearing hole, which is designated as AA in Fig. 6.
The other set of .extensometer rods was fastened to the lower pull rod along
line BB. Thin brass strips, which can be seen in Fig. 5, were connected
between the horizontal sections at the lower end of the extensometer rods.
These strips prevented any lateral displacement between the extensometer
rods without interfering with vertical displacement.

As the load was applied to the bearing specimen, the extensometer
gsensed the change in the displacement between lines AA and BB. Since the
pull rods and bearing pin had relatively large cross sections in comparison
with the specimens, the deformation in these parts was generally negligible.
The displacement detected by the extensometer, therefore, was equivalent
to the vertical deformation of the 1/4-in. bearing hole.

The calibrated output of the differential transformer of the bearing
extensometer was fed into an autographic recorder that recorded the stress-

deformation curves.

4.6 Stress-Strain Recorder

All of the stress-strain curves obtained in this work were recorded on
a Baldwin autographic recorder. The recorder was originally designed and
calibrated to operate in conjunction with a Baldwin universal testing machine
and with linear-differential-transformer strain transducers. The load
channel was mechanically driven from the weighing element of the testing
machine, The strain channel was a self-balancing electronic circuit. Pro-
visions were built into this recorder tc inechanically vary the ioad calibra-
tion and the strain calibration at several convenient levels on the record
charts.

In order to make the recorder self-balancing with strain-gage trans-
ducers, it was modified by the addition of a ten-turn potentiometer, which
was geared to the balancing motor in the recorder. The potentiometer was
wired into one corner of the strain-gage bridge circuit of the extensometer.
As the tensile or compression specimens were strained, unbalancing the
bridge circuit, the signal caused the balancing motor to drive the recorder
in the proper direction to rebalance the bridge by means of the potentio-
meter. With this circuit, several convenient levels of strain calibration
could be achieved on the recorder chart by a change of gears between the
balancing motor and the balancing potentiometer.
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During the tensile tests, the strain-gage bridge circuit of the preyield
extensometer actuated the recorder until the 0. 2 % -offset yield strength was
exceeded. A manually operated switch, which was added to the recorder,
was then used to shift to the differential-transformer circuit of the postyield
extensometer, The recorder adjusted itself to the proper strain level on the
condensed scale used in conjunction with the postyield extengsometer, and then
the postyield curve was recorded until the specimen fractured.

4.7 Test Furnace

The circulating-air furnace that was described in WADC Technical
Report 56-340 was modified considerably for the present work. The modifi-
cations were intended primarily to provide for better insulation, longer life
of heating elements, better temperature control, and quicker changing of
specimens. The furnace is shown in position for the tensile, bearing, and
shear tests in Fig. 10.

The Rockwool insulation in the original furnace was replaced with a
complete lining of fire brick, which provided better insulation and better
resistance to the higher test temperatures. Six edge-wound ribbon-type
resistance heating elements with a total capacity of 12 kilowatts were
installed to replace the original wire heating coils. The edge-wound ele-
ments were much sturdier than the wire coils; and, too, three were installed
in the upper air duct and three in the lower air duct of the furnace in such a
manner that each could be removed individually for repairs or replacement.
These heating elements were wired in series with a saturable reactor, which
provided a sensitive and continuous control of heat input.

Slots, extending from the front edges to the opening for the test fix-
tures, were cut into the top and bottom of the heating chamber. With the
furnace door open, these slots allowed the test operator to roll the furnace
away from the testing machine between tests without disturbing the test
fixture. With the test furnace thus removed from the work area, the opera-
tor could change specimens unhampered by heat radiated from the furnace
walls. After the furnace was rolled away, the door was closed and the cir-
culating air kept at test temperature while a new specimen was installed.
When the furnace was placed back into testing position, the specimen was
heated to test temperature within a few minutes. The slots and exposed
areas of the openings for the test fixtures were covered with suitably shaped
asbestos boards to prevent excessive losses of heat and of air.

Air was circulated in the furnace, by means of a vane-type blower,
through the lower duct toward the test chamber, up through the test chamber,
and back through the upper duct. This direction of air flow provided
better temperature uniformity than the opposite direction did.
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4.8 Temperature-Control System

The temperature of the test specimen was measured by a thermocouple,
which was in contact with the specimen, Responding to the output cf the
thermocouple, a Foxboro Controller in conjunction with the saturable reactor
regulated the current to the heating elements to maintain an almost constant
temperature at the specimen. All six of the heating elements and the satur-
able reactor were connected in series across a 220-volt, 60-cycle power
line. Two predetermined power levels were available to the controller for
selection by means of a switching action that occurred at the control temp-
erature. Whenever the temperature of the specimen was below the pre-
determined control temperature, the controller selected the larger power
level, which was present to provide a temperature rise. Whenever the
temperature of the specimen was higher than the control temperature, the
controller selected the lower power level which allowed a slight decline in
the test temperature. As the controller cycled between the two power
levels the temperature of the specimen was held to a cyclic variation of
not more than + 5° F.

SECTION V. CALIBRATIONS AND ACCURACY

5.1 Load

The load calibration of the Baldwin testing machine that was used in
this work was checked by means of proving rings. The indicated load was
consistently accurate within + 1% of the actual value throughout the entire
range of the machine.

5.2 Bearing and Postyield Tensile Extensometer

These extensometers employed Baldwin differential-transformer trans-
ducers, the calibrations being furnished by the manufacturer. The ratio of
displacement on the strain axis of the recorder chart to core displacement
could be controlled to levels of 250,500, 1000 by proper gearing of the re-
corder drive mechanism. These calibrations are believed to be accurate
to within + 3% since this level of accuracy is usually obtainable with linear-
differential- transformer transducers.
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The error introduced by the detection of postyield strain at the cross-
head was determined roughly by comparing measured total elongation with
that indicated on the stress-strain curves, In general the indicated plastic
strain was from 5% to 40% higher 'han the measured strain,

9.3 Preyield Tensile and Compressive Extensometer

The accuracy, reproducibility and lineari'y of the calibrations of
these extensometers were checked by means of the apparatus shown in
Fig. 11. This apparatus consisted of a Tuckerman optical strain gage and
Autocollimator, the extensometer, a Baldwin SR-4 strain indicator, and a
calibrating device, on which the extensometer and the Tuckerman gage
could be equally deflected. The calibrating device is'shown in Fig. 12,

With this apparatus, the extensomer'er and the Tuckerman gage were
deflected simultaneously in equal :ncrements, and the readings of the
Tuckerman gage were plotted against the output of the strain gages as
measured by the strain indicator. As discussed in WADC Technical Report
56-340, a statistical analysis of repeated calibrations of this type indicated
that in the preyield tensile extensometer the probable error did not exceed
0.5% in 67% of the tests; in the compression extensometer the probable
error did not exceed 1.0% in 67% of the tests. Experience in using these
extensometers indicates, however, that these levels of accuracy were not
consistently achieved, especially in tests at elevated temperatures.

Although reading errors, instrument errors, and errors in the pri-
mary standard (Tuckerman gage) probably contributed minor inaccuracies
to the calibration and the use of these extensometers, 1t 1s believed that the
greatest sources of error were mechanical, Mechanical errors can be
caused by non-rigidity in certain structural parts of the extensometers and
by slippage in the joints or the knife edges. Although this type of error was
probably quite small in the calibrations, which were carried out at room
temperature, it was probably more severe at elevated temperatures where
inconsistencies in modulus values were greater than would be indicated by
the accuracy and reproducibility of the calibrations.

In order to calibrate the strain scale of the recorder for use with
these extensometers, the apparatus shown in Fig. 11 was used except that
the extensometer output was fed i1nto the recorder instead of into the strain
analyzer. The calibrating device was actuzter to several convenient incre-
ments of displacement as indicated b he Tuvkerman strain gage; at each
increment, the corresponding displacement on the recorder chart was read.
Such calibrations. which were run at least once each week on both extensom -
eters, were found to be a=curate. reproducible, and linear to the degree
indicated by the statistical analysis discussed above.
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5.4 Tensile Elongation

Total elongation of the tensile specimens was measured with a scale
graduated in hundredths of an inch. Since this scale could be read to the
nzarest 0.01 in., the measurements were accurate within + 0. 25% elonga-
tion,

5.5, Temperature Measurement

Chromel-alumel thermocouples were used for temperature measure-
ment in this work. These thermocouples are guaranteed by the manufact-
urer to be accurate within + 0.75% of the measured temperature in degrees
Fahrenheit. -

Surveys of temperature distribution were made on specimens of all
types while they were in their normal testing positions. In these surveys,
four thermocouples, in addition to the normal control couple, were posi-
tioned on or near the specimens as designated by the numbers 1, 2, 3, and
4, in Fig. 13, 14, 15, and 16. The tables on these illustrations show
equilibrium temperatures at the various thermocouple positions while the
control couple was maintained at various test temperatures.

The temperature distributions were reasonably uniform at all test
temperatures and with each type of specimen. The greatest nonuniformi-
ties, which occurred at the higher test temperatures in the compression
and shear specimens, were +8° F and -7° F. The improved temperature
uniformities over those reported in WADC Technical Report 56-430 were
a result cf the following modifizations in the test furnace: one, the rever-
sal of the direction of air flow in the heating chamber from downward to
upward; second, the inclusion of heating elements in both the top and
bottom air ducts, resulting in more uniform radiation of heat to the test
fixtures,

SECTION VI. TEST PROCEDURE

For most conditions of temperature and e.’posurc time, three or more
tests of each type were conducted on each test material. At 1100° F and
1200° F, however, the bearing tests on Thermold J alloy steel and on
A-286 alloy were not completed since the test fixture tended to deform
because of the relatively high strength of the specimens in comparison to
that of the fixture at those temperatures.

WADC TR 58-365 28

P TN TR T AN T TR PR AN LTIAY RN R e e A AT
AN R CA L e St Lt e

R
[

-

“«
R L]
.

2

. . . N . . . . .
LR . b . L

- . Al - - .

: . i .t »

" - v . . . . . . R
F - » PR . . . - - » 1
: »e e e _ e . P UL R S

R L

- . 2w s a

. ST
- aa LA A

vy



RS

.
-
)
jo_ & o

AR

. A A
weas

RS
Vo
i axal
i i
- . Bl

¢
4

] ~
Vo™

Controller Temperature Setting, ° F

P ks

Oy I

Ve o

K _.-.\-..-.‘.‘~ NN A

v o)

L o S,
1:3 <2 400 | €00 | 800 {1000 1200 oo

e . 3 pe
g5 1| 398594800 |1002(1202 c
,:;Zj of 2| 398 | 594 | 802 (10031204 el
L & 3| 390 | 594 | 799 [1002) 1198 R
o £ 4] 400 | 507 | 798 {1002} 1198 el

Cyclic-Control Variation+ 5° F ) q

4 Fig. 13. Tensile Test Specimen Showing Location of Thermocouples ;._
,& and Corresponding Temperature-Distribution Survey. '~‘:',-;_':;

WADC TR 58-365 20 o

T R T e A PP S S S P A T et

.x"-;‘-\..'\‘\‘ A ey




| NI

f
\

1 —— nsert

’ hear Specimen

4
/ / ¥I-Iole for Control

’ Thermocouple
/2" /

AN AN

o

. "_d

NN

s

Controller Temperature Setting, ° F i‘.‘.""'.,_v,:«'"

) Lo

2

- '5_ 400 | 600 800 | 1000 | 1200 | 3 :'.'_-‘:zj

0 XA

£81 | 399 | 596 [ 801 | 1003 | 1204 sy

g E 2 399 597 802 | 1006 | 1208 proow

I 3 399 597 802 | 1008 | 1207 '““‘1

- 4 396 597 800 | 1002 | 1201 O
Cyclic-Control Variation +§° F R,

Fig. 14. Shear Specimen Set in Test Fixture Showing Location . ,;
of Thermocouples and Corresponding Temperatures -—:—:%

During Temperature-Distribution Survey. #j:

\‘.\1.._)‘

RASANE

WADC TR 58-365 30 e




I

LI
.'.-'

e a"
. At a "y

* V..,

(3
'

X

-ﬁ_
¥ ill'{

oo Ok
-.’L'_naf L}-L}‘-Jl ./

0%

Y

TN
e,

»

NN %

' 4 ‘.-_',

-
+

AL N

e Y '
NAAROS |

'
]

y
,

YN
L

.
4
aaa

Ay

I'(:
-

r'l‘fl
e e e
L v _» &

DINDMNUN |

s
Y

PR )5

K
atale

‘.

)
-

[T "% &
AR
=" =,

.. -

-,

-
N

anai’ac:ij

“~—— Control Couple

Controller Temperature Setting, ° F

400

600' 800 | 1000

402
401

397

Temp. at
Thermocouples
o B

-
o

Fig.

402

600] 800 | 997 |
600| 801 | 998
598 801 | 1001

1200 |
1200
1205

603| 801 | 1000

1205

Cyclic-Control Variation + 5° F

Bearing-Test Specimen Showing Location of

Thermocouples and Corresponding Temper -
atures During Temperature-Distribution

Survey

WADC TR 58-365

.........................
........................

31

...............

I}
o, a%, s



[+44
J‘

o __ .
: RS
=3 -
e Control -
L

Couple A e

®
Gage
Points
(%]

gy AANNRAS - L
®
o
P
.
[y
P

: . (=
: Y o e

:
E: Controller Temperature Setting, °F .‘;::.';-_I:r
. 400 | 600 | 800 | 1000 | 1200

395 | 598 | 794 903 | 1183
395 | 508 | 798 | 998 | 1195
400 {603 | 798 | 998 {1200 ol
400 | 602 | 800 | 1000 | 1202 [ L
i Cyclic-Control Variation' + 5 F R

[/ LR

Temp. at
Thermocouples

Fig. 16. Compression-Test Specimen Showing Location of :jj;-f;'.:?
Thermocouples and Corresponding Temperature RN
During Temperature-Distribution Survey. [

SO0
o t
3118

[N
- A
¢

[ SN

[

Y

eSS 1Y
et i e
PR f . P T A
! a “".’ ..I' .c . v'.n:‘ "- M c.. -"‘ ."
DGR > SR IR

YN
5
RS
a ey

WADC TR 58-365 32 e

VWAL TARRRNRRT 24

- -
_ A4
x
N

...........................
--------------------------
R P I T N P S P PR R PR R S BV RS WL W TP B SLATE. WY .. (P T P Y P P o L L I o

Yol
-t
"y
4



/ Up to the 0, 2%-offset yield point, the tensile and compression tests

;:.;'« were run at a strain rate of 0.0025 in. /in, /min, Above the yield point in

i the tensile tests, the strain rate was increased to 0.020 in. /in. /min. In

the shear and bearing tests, the crosshead speed was set at a rate equiva-
lent to that used in the compression tests.

SECTION VII. TEST RESULTS

The test results are shown in graphical form in Fig, 17 through
Fig. 137, and they are shown in tabulated form in Tables 4 through 3S.
In the tables, graphs, and discussion below, the results are grouped for the
different test muaterials in the following order:

1. A-2886 austenitic alloy

2. 17-7 PH stainless steel

3. The . old J alloy steel

4, Type 420 stainless steel

5. Type 422 stainless steel

6. 17-22 A (S) alloy steel

Four types of graphs are shown in the following order for each test
material:

1. Properties as functions of exposure time at the
elevated testing temperatures. The points on
these curves represent the average values shown
in the tabulated data.

e 2, Properties as functions of temperature at constant
:s, exposure times. In these curves properties are
L expressed as percentages of room-temperature pro-
f{ perties. Average property values were also used in
:;:: plotting these curves.
<
hOY
:y 3. A typical stress-strain curve for tensile, compression,
‘i“‘ and bearing ‘'~ under each condition, Each of these
o WADC TR 58-385 33
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curves is a reproduction of the recorded data from one
specific test, and does not represent an average. The
preyield and postyield tensile stress-strain curves were
plotted on separated pages so that a number of curves
could be shown on a single page.

AR

4, A typical curve showing tangent modulus as a function
of stress for each compression test conditon. Each of
these curves also represent results obtained in one
specific test rather than average results.

The exposure time for the room temperature tests was considered to
be 1000 hours. DNo data representing shorter holding times at room temp-
erature can be presented since the test metals had been at room tempera-
ture for a considerable period of time before being tested.

7.1 A-286 Alloy Sheet, Quenched and Tempered

The test results for this alloy are shown graphically in Fig. 17 through
36 and are tabulated in Tables 4 through 9. Fig. 17 shows very little differ-
ence in the tensile strengths of the G,062-in. sheet and 3/16-in. plate through-
out the ranges of temperature and of exposure time covered by this work.

In general, variations in exposure time from 1/2 hour to 1000 hours at
the various test temperature had no major or consistent effects upon the
strength properties and modulus of elasticity of this alloy. Although some
small increases in strength and some small decreases in <trength occurred
after holding times of 100 hours and 1000 hours, particuiarly at the higher
test temperatures, these effects were rather small and inconsistent, Si.ce
the A-286 is a precipitation-hardening alloy, it is believed that thcse fluctua-
tiong in strength were a result of precipitation phenomena.
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The tensile percent-elongation values of the A-286 alloy were affected
very little by variations in temperature and in holding time. After 1/2- hour
exposures at temperatures from 600° ¥ to 1200° F, all elongation values
were in the range 20% to 27%; after 1000-hour exposures at the same temp-
eratures, the elongation values were in the range 17% to 21%.

Fig. 22, 23, and 24 show that the strength properties and modulus of
elasticity of A-286 alloy decreased only a small amount as temperature
was increased from 75° F to 1200° ¥, all of these properties at 1200° F ;
being about 70% or more of the room-temperature properties. At 1200° F, ‘;
this alloy retained about 90% or more of its room-temperature tensile and Roi>
compressive yield strengths. “

3
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As shown in Fig. 26, 27, and 28, the tensile stress-strain curves of
this alloy had a sharp downward discontinuity just before rupture. The
shape of the postyield tensile stress-strain curves changed slightly with
increasing temperature, the strain at which the ultimate strength was
reached decreasing from near the rupture point at 75° F to only slightly
beyond the yield point at 1200° F. The compressive stress-strain curves
and the bearing stress-deformation curves for this alloy had conventional
shapes as shown in Fig. 29 through 33.

Variations in exposure time had no consistent effects upon the com-
pressive tangent modulus curves for this material,

7.2 17-7 PH Stainless Steel Sheet, RH 950 Condition

Tables 10 through 15 and Fig. 37 through 56 show the test results for
the 17-7 PH stainless steel sheet in the RH 950 condition.

As shown in Fig. 37, under most test conditions the ultimate tensile
strength of the 0.062-in. sheet was somewhat higher than that of the 3/16-in.
plate. The differences in ultimate tensile strength ranged from about 2000
psi to 22,000 psi.

With the exception of uitimate shear strength, the strength properties
of this alloy increased considerably with increasing exposure times at S00° ¥,
At 600° F, the effects of exposure time on the strength properties were, in
general, rather small and inconsistent. At 1000° F, some of the strength
properties increased, whereas others remained constant or decreased
slightly with increasing exposure times. The ultimate shear strength and
tensile and compressive moduli of elasticity of this alloy were not signifi-
cantly affected by variations in exposure time at any of the test tempera-
tures. The tendency for this alloy to increase in strength with increasing
exposure at 800° F was probably a result of increased precipitation harden-
ing over that obtained in the heat treatment. The 600° F test temperature
was probably not high enough to effect appreciable additional precipitation,
whereas the alloy probably tended to overage at 1000° F,

Fig. 39 shows that, whereas the tensile percent elongation of the 17-7
PH (RH 950) was not greatly affected by exposure time, the elongation
decreased slightly with increasing temperature up to 600° F.and then
increased considerably with further increases in temperature up to 1000° F.

The strength properties of this alloy, as shown in Fig. 43 through
46, decreased only moderately with increasing temperatures up to 800° F
and then decreased sharply with further increases in temperature, most
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strength properties at 1000° F being about 40% of the room-temperature
strength. Tensile and compressive modulus-of-elasticity values decreased
about 20% to 30% as temperature was increased from 75° F to 1000° F.

At 75° F and 600° F, the stress-strain curves of this material, as
shown in Fig. 48, contained a considerable flat portion at the ultimate
load, which occurred about midway between the yield point and the rupture
point. At 800° F and 1000° F, the ultimate load was reached at a strain

only slightly beyond the yield point, and then the load decreased continuously
until the specimens ruptured.

The compressive tangent-modulus curves of this material were not
appreciably changed by variations in exposure time at 600° F, whereas
the increasing stress levels reached in the tangent-modulus curves with
the longer exposure times at 800° F and at 1000° F reflect the improved
compressive strength with increasing exposure time.

7.3 Thermold J Alloy Steel Sheet, Quenched and Tempered

The test data for the Thermold J alloy are tabulated in Tables 16
through 21 and are illustrated in Fig. 57 through 78.

The ultimate tensile strength of the 3/16-in. plate was somewhat
higher than the ultimate strength of the 0.062-in. sheet at all test temp-
eratures as shown in Fig, 57. This difference in strength was probably
the result of a slight amount of decarburization that occurred during the
austenitizing treatment at 1850° F. The decarburized surface layer
would be expected to have a greater relative effect on the thinner mater-
ial, Similar variations between the tensile strengths of the 0,062-in,
sheet and the 3/16-in. plate were found,probably for the same reason,
in the Type 420 stainless, Type 422 stainless, and 17-22 A (S) alloys.

Increasing exposure times from 0.5 hour to 1000 hour had no
significant effect upon the strength properties of Thermold J alloy at temp-
eratures up to 800° F. Over the same range of exposure times at 1000° F
and at 1100° F, however, all of the strength properties decreased censider-
ably. Since the test material had been tempered at 1000° F, its structure
was, undoubtedly, reasonably stable at lower temperatures. The prolonged
exposures at 1000° F and 1100° F, however, had an effect equivalent to
additional tempering, which produces coalescence of the carbides and an
associated decreased strength,

With the possible exceptions of the large decrease in tensile mod-
ulus and moderate decrease in compressive modulus with long exposures
at 1100° F, the variations in modulus of elasticity with changes in holding
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time are not believed to be significant, The decreases in modulus with
increasing exposures at 1100° F are associated with corresponding A
decreases in tensile and compressive strength, which are a result of P
structural changes as discussed above. Under these conditions of low :
strength and structural instability, it is probable that the alloy has poor
resistance to creep, i, e, poor resistance to plastic flow below the

apparent proportional limit. Modulus-of-elasticity measurements in such
materials are quite sensitive to changes in strain rate, modulus apparently
decreasing with decreasing strain rate. Such variations in modulus deter- S
minations do not represent true changes in elastic properties but, rather, _'."._1;'.'_1-'
are a result of plastic flow that occurs during the apparent ¢lastic portion :
of the tests., Since the tensile and compressive tests were run at relatively
slow strain rates, it is believed that such plastic flow resulted in the low {';-ﬂ'
apparent modulus values in Thermold J after long exposures at 1100° F. ’ L

8
-

P .‘_f.o'_p_n

Little variation in tensile elongation occurred in the Thermold J alloy )
as exposure times were increased from 0.5 hour to 1000 hours at 600° F TR
and 800° F. The tensile elongation increased slightly at 1000° F and P
increased greatly at 1100° F when exposure time s were extended to 1000
hours. These increases were, undoubtedly, associated with the decreases
in strength and the structural instabilities discussed above. With increas-
ing temperature, tensile elongation changed very little between 75° F and
600° F and then increased considerably between 600° F and 1100° F.

B Sv N IMY. WY WEY  GROPPPRN

As shown in Fig, 62 through 65, most of the strength properties of
the Thermold J alloy decreased to about 80% of their room-temperature
levels as temperature was increased to 800° F and then decreased more
sharply with further increases in temperature, the sharper drops in RN
strength occurring in the specimens with the longer exposure times. Ten- i o
sile and compressive moduli values also decreased with increasing temp- b
eratures, butiotas sharply as the strength properties.

re 0.

Ld L CHER

In the plastic portions of the tensile stress-strain curves, the ul‘i-
mate load tended to occur at about the same value of strain regardless of
the test temperature. As the temperature was increased from 600° F to
1100° F, however, the degree of strain on the descending portion of the
curves beyond the ultimate load increased considerably. At 600° F, the

LN D 2

1

:I descending portion of the stress-strain curves beyond the ultimate load

- was rnarked by several abrupt variations in load, the load decreasing

| sharply and then increasing sharply several times, With each sharp

:' decrease, a "popping' noise was emmitted from the specimen, It is be-

u lieved that each sharp decrease was a result of a sudden small amount of

: slippage along certain crystallographic planes, This sudden rapid slipp- o

\ age resulted in a small amount of yielding in the specimen that allowed the £

i e

: AT I
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load to decrease. The load then increased again until it was sufficiently
high to cause another sudden slippage phenomenon. Once this process
started it was repeated until the specimen broke,

At temperatures up to 800° F, the compressive-tangent-modulus
curves for Thermold J alloy were not significantly affected by changes
in exposure time, As a result of the declining compressive strength
with increasing exposure times at 1000° F and 1100° F, the stress levels
for the tangent modulus curves decreased with increasing exposure times,

7.4 Type 420 Stainless Steel Sheet, Quenched and Tempered

Tables 22 through 27 contain data from tests on Type 422 stainless
steel; Fig. 79 through 98 are graphical iliustrations of the same data.

In this material, the 3/16-in. ~thick plate consistently had slightly

higher tensile strength than the 0.062-in. -thick sheet as shown in Fig. 79.

At test temperatures up to 800° F, variations in exposure time had
no significant effect upca the strength properties and the tensile elonga-
tion of this alloy. Increasing exposure times at 1000° F, however,
resulted in appreciable decreases in all strength properties and in
increased elongation. Since, in the original heat treatment, the Type 420
had been tempered at 1000° F, the structure was, apparently, stable at
lower temperatures, At the 1000° F exposure temperature, however,
further tempering— carbide coalescence—resulted in decreased strength
and increased elongation. The compressive and tensile moduli of elasti-
city of this material were not appreciably affected by variations in expo-
sure time and associated structural changes.

The tensile elongation of the Type 420 changed very little with
changes in temperature between 75° F and 800° F. When the tempera-
ture was increased to 1000° F, the elongation approximately doubled.

The strength properties of this material, in general, decreased
less than 20% as the temperature was increased from 75° F to 800° F.
As the temperature was increased from 800° F to 1000° F, the strength
properties dropped sharply to levels between 60% and 30% or less of the
same properties at room temperature. Tensile and compressive moduli
of elasticity decrease less rapidly with increasing temperature, the
values at 1000° F being 70% or more of those at room temperature.

In the tensile stress-strain curves at temperatures up to 800° F,
the ultimate tensile strength was reached after about one half or more of
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the plastic strain had occurred as shown in Fig. 89 and 90. At 1000° F, o
however, the ultimate strength was reached just beyond the yield point. Ao
As in the Thermold J alloy at 600° F, Fig. 89 shows that the plastic strain boic
in the Type 420 stainless at 600° F occurred in a very discontinuous manner ;j{ﬁ
after the ultimate load was reached. Each sharp decrease in load was again -Q,\I
accompanied by a ''popping'' noise, which is believed to be associated with f%.}:.
sudden small amounts of slippage on certain crystallographic planes. _;_:;
;o

The compressive tangent-modulus curves for this material were ol
affected very little by changes in exposure time at temperatures up to 800° F.
At 1000° F, the stress levels for the tangent-modulus curves decreased N
with increasing exposure times because of the decreasing compressive L
strength. o
7.5 Type 422 Stainless Steel Sheet, Quenched and Tempered i
The test data for this material are tabulated in Tables 28 through 33 }f:’;.

and are illustrated in Fig. 99 through 117. In the various tables and graphs f":
for this material, it will be noted that, with the exception of ultimate ten- ﬁ'@f
gile strength, the data for the 10-hour exposure time at 400° F are not ".::-:::
shown, Whereas all tests representing this condition were run, the strength ;-;I}:
values were unusually low because, it is believed, the specimens were inad- _'f‘-:‘::-
vertently aged at 1200° F instead of at 400° F, Additional tensile speci- Ve
mens, both from the 0.062-in. sheet and from the 3/16-in. plate, were pre- pess
pared and tested after 10-hour exposure at 400° F. As shown in Fig. 99, o
the ultimate tensile strengths determined in these check tests were in close j:-:::'t
agreement with the results for the other exposure times. Although suffi- XA
cienttime was not available for a complete set of check tests, it is felt that e
the checks on the ultimate strength prove that the original data were erro- Wf:?
neous, and that no unusual effects on the strength of this alloy are produced
by a 10-hour exposure at 400° F, Zs':l_x'j
Fig. 99 shows that the strength of the 3/16-in, plate was somewhat S
higher than that of the 0.062-in, sheet at all test temperatures, '\,4
Variations in exposure time had no effect upon the strength properties o

of this alloy at temperatures up to 800° F. The strength properties tended Ul
to decrease only slightly with increasing exposure times at 1000° F, which e
is equivalent to the tempering temperature used in the heat treatment of this e
alloy. This decrease in strength was, undoubtedly, a result of the continua- !—v:
tion of the tempering process during the exposures at 1000° F. No signifi- NN
cant changes in tersiie and compressive modulus of elasticity occurred as Z:j-'.-j-
a result of varis.ions in exposure time at any of the test temperatures. T
beor
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RS As shown in Fig, 101, only minor variations in tensile elongation

-‘“‘ occurred in Type 422 stainless steel as a result of variations in exposure
time. The percent elongation, which was practically constant at tempera-
g tures between 75° F and 800° F, increased appreciably when the temp-
':'$ erature was increased from 800° F to 1000° F.
o .
'{f:::. Both the strength properties and the moduli of elasticity of the Type
> 422 stainless decreased at a rather moderate and uniform rate with increas-
m ing temperatures from 75° F to 1000° F. At 1000° F, most of these pro-
e perties were approximately 60% or more of the same properties at room
temperature,

:-':-." Fig. 108 and 109 show that very little change occurred in the shape

) of the tensile stress-strain curves as the temperature varied between
MRS 75° F and 800° F, rupture occuring at only a small degree of strain beyond

the ultimate load. At 1000° F, the ultimate load occurred at a smaller
amount of strain, and the specimens elongated a great deal more beyond
the ultimate load.

The compressive tangent-modulus curves, as shown in Fig, 115,
116, and 117, varied only slightly with changes in exposure time, the
largest variations occurirg at 1000° F as a result of the decrease in
strength with increasing exposure time.

7.6 17-22 A (S) Alloy Steel Sheet, Quenched and Tempered

The test results for this alloy, which are given in Tables 34 through
39, are plotted in Fig. 118 through 137. Fig. 118 shows that the 3/16-in.
plate had somewhat higher tensile strength than the 0.062-in, sheet at all
test temperatures.

Variations in exposure time, in general, had only minor and rather
inconsistent effects upon all of the properties of this alloy. At 1000° F,
some of the strength properties tended to decrease slightly with increasing
exposure times, whereas the other strength properties remained practi-
cally constant; at lower temperatures, some of the strength properties
tended to increase slightly with increasing exposure times, whereas the
other strength properties remained practically constant.

Variations in temperature and in exposure time had very little effect
upon the tensile elongation of this alloy, all of the values that were deter-
mined falling in the range 11% to 18% as shown in Fig. 120.
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The ultimate-strength and rupture-strength properties of the 17-22 e
A (9 alloy remained almost constant as the temperature was increased from
76° F to 600° F, whereas most of the yield-strength properties decreased RS
somewhat in this temperature range. This behavior of the strength pro- Eo
pertiea of 17-22 A (S) alloy at temperatures between 75° F and 600° F is PR,
typical of low-alloy steels and of carbon steels. It is a result of strain :Z;:;Tj}.'j
aging, which is believed to be asgociated with a migration of carbon atoms R
to dislocation sites in the lattice structure when the metal is plastically Sl
strained. At temperatures up to about T00° F the carbon atoms tend to "pin" e
the dislocations, which phenomenon has a strengthening effect. Since plastic o3
strain is necessary for strain aging, the strengthening effect is usually e
greater on ultimate strength and on rupture strength than on yield strength, -~I:‘-'._-'_:.-
At 1000° F, all of the strength properties of the 17-22 A (S) alloy, with the o
exception of the tensile rupture strength were in the range 60% to 80% of Tl
the room-temperature values. The tensile rupture strength at 1000° F,
however, had decreased to 20% to 40% of the room-temperature rupture SRR
strength. As the temperature was increased from 75° F to 1000° F, the e
tensile and compressive moduli of elasticity of this alloy decreased con- e
tinuously to values equivalent to about 60% to 80% of the room-temperature
values,

At temperatures up to 600° F, all of the stress-strain curves for this \
material were quite similar in shape, the stress falling off rapidly to the s
rupture point immediately after the ultimate load had been reached as shown AERENE
in Fig. 128, Fig. 129 shows that, at 800° F, the ultimate load occurred at s
a relatively lower degree of strain approximately midway between the yield oy
point and the rupture point, At 1000° F, the ultimate load was reached just OIS
beyond the yield point, and then the load decreased gradually until the rup- s
ture point was approached. Sy

Variations in exposure time had no consistent effects upon the com-
pressive tangent-modulus curves for this alloy as shown in Fig. 135 :.:-f:'{.:
through 137, “o

T
by b
FE
s
SECTION VIII. DISCUSSION RN
0N

Fig. 138 and 139 show comparisons of the strengths of the test alloys S
after exposures of 1000 hours and of 1/2 hour at the various test tempera- el
tures, Fig. 138 representing ultimate tensile strengths and Fig. 139 o
representing compressive yield strengths, AR

)e \.—--
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As shown in these illustrations, at temperatures up to 800° F, the
higher sirengths were exhibited by the Thermold J, 17-7 PH (RH 950),
and Type 420 alloys, whereas progressively lower strengths were found
in the Type 422, A-286, and 17-22 A (S) alloys. These strength levels,
however, do not necessarily provide valid comparisons of the optimum
strengths obtainable in all of the test alloys. The Type 422 stainless,
for example, was tempered at 1000° F whereas the Type 420 was tempered
at 900° F. The lower tempering temperature accounts for the higher strength
in the Type 420. A more valid comparison would have been obtained if these
two stainless alloys had been tempered at equal temperatures. The two
alloy steels---Thermold J and 17-22 A (S)—were tempcred to widely differ-
ent hardness levels, Thermold J being tempered at 1000° F and the 17-22
A (S) at 1300° F, which is a relatively high tempering temperature for a low-
alloy steel of this type. Tempering treatments to equivalent hardness levels
would have provided a sounder basis for comparison of the properties of
these two alloys.

As the temperature was increased above 800° F, the strength of the
Therinold J, 17-7 PH (RH 950), and Type 420 decreased sharply, whereas
the strength of the Type 422 and 17-22 A (S) decreased only moderately.

The A-286 decreased in ultimate tensile strength only slightly and in com-
pressive strength negligibly as the temperature was increased from 75° F
to 1200° F. At temperatures above 1000° F after the exposure time of
1000 hours, the strength of the A-286 exceeded those of all other test metals.
After the one-half-hour exposure at temperatures of 1000° F and above,
only the strength of *he Thermold J exceeded that of the A-286. The strength
of the Type 422 stainless, which was relatively low at low temperatures,
equaled or exceeded those of the Type 420 and 17-7 PH (RH 350) alloys at
1000° F.

Fig. 138 and 139 show plainly the decreases in strength in the
Thermold J, Type 420 and Type 422 with increasing exposure times at
1000° F as discussed previously. They also show the large increase in
strength in the 17-7 PH (RH 950) wi', increasing exposure time at 800° F
and the fluctuations in strength in tlie A- 286, as a result of precipitation
phenomena, at temperatures between 800° T and 1200° F,

In order to show any simple correlations among the different proper-
ties, the following ratio relationships were determined for each test mat-
crial at each test temperature:

2, to ultimate shear

1t

1, Ultimate bearing strength, e/d
strength,

2, to ultimate tensile

11}

2, Ulthmate bearing strength, ¢/d
st.ength,
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3. Ultimate bearing strength, e/d = 2, to ultimate bearing
strength, e/d = 1.5,

4, Tensile modulus of elasticity to compressive modulus
of elasticity.

5. Tensile rupture strength (based on original cross-
sectional area) to ultimate tensile strength,

6. Tensile rupture strength (based on final cross-sectional
area) to ultimate tensile strength.

7. Ultimate shear strength to ultimate tensile strength.

8. Bearing yield strength, e/d = 2, to tensile yield
strength.

9. Bearing yield strength, e/d = 2, to bearing yield
etrength, e/d - 1.5,

10. Compressive yield strength to tensile yield strength.

In order to detect any important effects of exposure timo cn these
ratios, they were calculated both for the tests carried out after the one-
half-hour exposur: '{iwme and for tests carried out after the one-thousand-
hour exposure tix  at each test temperature. Only property values deter-
mined under the same conditions of temperature and of exposure time
were used in calculating the individual values of the ratio relationships.

The ratio relationships are shown as functions of temper .ture in
Fig. 140 through 151, For legibility, the plots of the various -elation-
ships are shown on two graphs for each test .naterial.

In all of the test metals, some fluctuations occurred in the ratio rela-
tionships as a result of variations in temperature and in exposure tiime. In
most instances, these fluctuations were minor and inconsistent and are not
believed to be significant. None of the ratio relationships in the A-286
alloy, for example, changed greatly with increasing temperature or with
increasing exposure time. In general, the ratios of ultimate bearing strength
(e/d = 2) to ultimate shear strength tended to decrease appreciably with
increasing temperatures, whereas the ratios of ultimate shear strength to -
ultimate tensile strength increased over the same temperature range. These
effects, which were only minor in A-286 alloy and in 17-22 A (S) alloy, were
quite pronounced in the other test alloys. The ratios of tensile rupture
strength (based on both the original and on the final cross-sectional areas of
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the specimens} to ultimate tensile strength tended to decrease with increas-
ing temoeratures, although these effects were not entirely consistent in the
A-286, 17-T7 PH (RH 950), and Type 422 alloys.

7 In most of the test alloys, tae change in exposure time from 1/2 hour
to 1700 hours resut.ed in deviations in some of the ratio relationships pri-
Anarily at the higher test temperatures. These deviations, which were most

’p-onounced in the 17-7 PH (RH 950 ), Thermold J, Type 420 alloys, were,
. in general, quite inconsistent and are not believed to be highly significant.

Table 40, which shows the ratio relationships for all of the test metals
at room temperature, provides an indication of the consistency of the ratios
among different alloys at a single temperature and a single exposure time,
the exposure time for the room-temperature tests being considered infinite.
The ratios shown in Table 40 are reasonably consistent among the different
test materials; + 20% about the middle of the range is the greatest percent-
age variation,occuring in the ratio of tensile rupture strength (based on the
final cross-sectional area of the specin.en) to ultimate tensile strength. For
a number of the ratio relationships at room temperature—ultimate bearing
sirength (e/d = 2) to ultimate tensile strength, ultimate bearing strength
(e/d = 2) to ultimate bearing strength (e/d = 1.5), and tensile modulus to
compressive modulus—the variations about the middle of the range were
less than + 5%.

For each test metal, Table 41 shows the maximum and minimum
ratio relationships based upon the test results for the 1/2-hour and 1000-
hour exposure times over the entire range of test temperatures. The over-
all ranges of ratio relationships for the combined test metals are also
shown in this Table. These over-all relationships varied about their mean
values by the following percentages:

1, Ult. bearing str.,e/d
+ 17%.

2, to ult, bearing str. e/d = 1.5,

2. Ult, bearing str.,e/d = 2, to ult, tensile str., + 18%.
3. Compressive yield str. to tensile yield str., + 18%.

4. Bearing yield str.,e/d = 2, to tensile yield str., + 23%.

5. Bearing yield str., e/d = 2; to bearing yield str., e/d =

1.5, + 25%.
6. Tensile mod. of elast. to compressive mod. of elast,,
+ 30%.
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Ult. bearing str., e/d = 2, to ult, shear str., + 33%.

f‘f‘»’.‘j o
:.;:::jf 9. Tensile rup. str. (based on final cross-sectional area) ‘::'.:
-;j“{.j to ultimate tensile strength + 54%. e
N 10. Tensile rup, str. (based on original cross-sectional P
it area) to ultimate tensile strength + T1%. s
S AT
3::3 The general magnitudes of the various ratio relationships were quite -".;_::_::: v
N similar to those determined for other alloys in previous work as reported e
in WADC Technicai Report 56-340. The variations of the relationships s
e about their means were also of the same order of magnitude, although some- N
$x}' what less consistency would be expected in the present values since they were :;::;-j:_
Rocd based upon data for 1/2-hour and 1000-hour exposure times rather than upon A
}3:"«; data that represented 1/2-hour exposure times and the averages for all expo- ;:'.-:'.f-:
g sure times as in the previous work, i,-"“
::::f' As in the previous work, the numerical values of some of the ratio relation- ﬁ;:';lzf',
Z:-;'.: ships can be explained on the basis of the configuration of the specimen and ;-',':::.:;
e the method of load application. In the bearing specimens, for example, which DN
e usually failed in shear, the ratio of sheared area in specimens with e/d = 2 to “"';
- sheared area in specimens with e/d = 1.5 was 1.33. This ratio is roughly FS’""".
,_::f,{ equivalent to the ratio relationships of the ultimate bearing strengths of the :-'.:}::;
'j.;v_.fl two types of bearing specimens. In general, the ratios of bearing yield :.:-;l;-'_ »‘
e strength for the two types of specimens were slightly lower. These facts show S
v that the ultimate-bearing-strength values varied in proportion to the sheared ._‘y'
fracture area, which increased in proportion to the edge-distance to hole- it
:,-’.'_5 diameter ratio. Since the bearing-yield strength values did not consistently }::_::l:_
A increase to a similar degree with increasing shear area, it is believed that :::.}j:}
v bearing yield strength is governed more by the characteristics of the metal NN
g immediately adjacent to the bearing hole than by the entire area that sub- N
h sequently fails in shear. .,,-;,
s :. )
poy Since both the bearing specimens and the shear specimens failed in :f::-:,.
';“::: shear, the ratio of the fracture areas correlated roughly with the ratio rela- :"\,,
e tionships of ultimate bearing strength to ultimatc shear strength. The ratio DR
o of the fracture area in bearing specimens with e/d = 2 to the fracture area in N
L the shear specimens was 2. 83, which is near the middle of the range of the i -
oy ratio of ultimate bearing strength to ultimate shear strength for all test metals. A
LA oA
\'"b The greatest scatter in the ratio relationships occurred in the 17-7 PH -':'.:-"Z‘:‘ ,
e (RH 950) alloy. As shown in Table 41, of the ten types of ratio relationships S
o
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reported, both the maximum and minimum values for four of the relationships
in the combined test results were determined by the maximum and minimum
values for the 17-7 PH (RH 950) alloy. In two other relationships, either the
combined maximum value or the combined minimum value was determined by
the 17-7 PH (RH 950) alloy. The reason for the unusually large scatter in the
ratio relationships of this alloy is not known,

SECTION IX. CONCLUSIONS

The strength properties of the six test alloys, in general, decreased
only slightly with increasing temperature from 75° F to 800° F. With
further increases in temperature, the alloys with higher room-temperature
strength——Thermold J, 17-7 (RH 950), and Type 420 — weakened decidedly.
Of the materials with lower room-temperature strength, the Type 422 and
17-22 A (S) weakened only moderately at temperatures up to 1000° F and the
A-286 weakened only slightly at temperatures up to 1200° F. The moduli
of elasticity of the varicus alloys decreased mnoderately, but consistently,
with increasing temperatures. Tensile elongation values reacted erratically
with changes in temperature, the higher elongations usually occurring at
the highest test temperatures.

As a result of tempering reactions, the strength of the Thermold J and
Type 420 decreased considerably and the strength of the 17-22 A (S) and
Type 422 decreased slightly with increasing exposure times from 1/2-hour
to 1000 hours at temperatures of 1000° F and above. At lower temperatures,
since the structures apparently were stable, the properties of these alloys
were not significantly affected by variations in exposure time. With increas-
ing exposure times, precipitation phenomena resulted in an appreciable
increase in.the strength of 17-7 PH (RH 950) stainless at 800° F and in
irregu.ar fluctuations in the strength properties of the A 286 alloy at temper-
atures between 800° F and 1200° F. At other test temperatures, the 17-7
PH (RH 950) and the A-286 alloys were not appreciably affected by changes
in exposure time. Moduli-of-elasticity values were not significantly affected
and tensile-elongation values were affected only moderately or not at all by el
variations in exposure time, elongation values usually increasing when strength o
decreased as a result of prolonged exposures.

A comparison and correlation of the various properties showed that their
ratio relationships for equivalent test conditions varied somewhat with differ-
ences in the material, in the temperature, and in the exposure time. For
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this reason, if is not possible to calculate highly accurate design data for a
given property by means of a general factor relating that property to another
property that has been determined experimentally. Precise and reliable data
on the tensile, compressive, bearing, and shear properties of aircraft-

‘l\:‘:.
P A

. .
. .
OO -

7’

'f;-‘ structural materials can presently be obtained only by testing under the
ot desired conditions,
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Nevertheless, if the relationships that were determined in this work

are used with a full understanding of their inaccuracies and their limitations,
: they will provide a fair indication of certain properties by calculation from a
different property determination. The accuracy and consistency of the ratio

.
-
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PR

:}_-:: relationships between different properties improves as the range of conditions
P from which they are obtained and to which they are applied becomes more

.t restricted. For example, for the tests at room temperature, three of the

\.3{-: ten relationships that were determined varied by less than + 5%,whereas only
”: one varied as much as +20% among the six test alloys. When tests for the

;:::Z; entire ranges of temperature and exposure time for all test materials are

b.;,\

considered, the accuracy and reproducibility among the ten ratio relation-
ships varied from + 17% to + 71%.
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10.3 Thermold J Alloy Steel Sheet, Quenched and Tempered
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Fig. 57. Effect of exposure time on the ultimate tensile strength and ulti-
mate shear strength of quenched and tempered Thermold J alloy
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Fig. 59. Effect of exposure time on the tensile and compressive moduli
of elasticity and percent elongation of quenched and tempered
Thermold J alloy steel sheet at different temperatures,

WADC TR 58-365 116

1 30 e

- ° AN

- w 2 e
M b

o 8 S

s )

> =o o

< Q — ._-;".'_4

| 3 ’

> S -

lﬁ \'.-

2 & 2 i

R 530

T L

~ @

E 3

- .

2 s g%

- > g

3 ze

a, g)"-q

' o

. 5.

% E

iy 0

-

. 2 1100° F 1 ]

2 é /

g 5515 SN

4 2 q; IOOOd F — »

i il s S

_N g a, 10 Y- F

_:' g gggd m ]

by : 75° F

~ B9 -

4

My

: | 1]

¥ 0 0.1 0.5 1 10 100 1000

:

<

4

[

z

]

by

]

7




»
PN N

200 =
600° F

p—t
(=]
o

Original Cross Section, 1000 psi
®
S
I
%
ol b
RERGS

/

Rupture Strength Based On

o

o 75

800° :i \
= -
>
|

(28]
Qo
(=

\
J
~\
r

200 ™ 7000°

1100° ¥

Cross Section, 1000 psi

8

Rupture Strength Based on Final

- 0 .
o 0.1 0.5 1 10 100 1000
'_5‘ Exposure Time~Hr

Fig. 60. Effect of exposure time on the tensile rupture strength of
quenched and tempered Thermold J alloy steel sheet at
different temperatures.
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Fig. 62. Elevated-temperature strength properties as percent of -
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Thermold J alloy steel sheet at different exposure times. v
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Fig. 64. Elevated-temperature strength properties as percent of
room-temperature properties for quenched and teinpered
Thermold J alloy steel sheet at different exposure times.
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Fig. 65. Elevated-temperature strength properties as percent
of room-temperature properties for quenched and
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Tensile postyield stress-strain curves for quenched and
tempered Thermold J alloy steel sheet at various tempera-
tures and exposure times,
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Fig. 68. Tensile postyield stress-strain curves for quenched and
tempered Thermold J alloy steel sheet at various temp-
eratures and exposure times.
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Thermold J alloy steel sheet at various temperatures and exposure
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tempered Thermold J alloy steel sheetat various temp-
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10.4 Type 420 Stainless Steel Sheet, Quenched and Tempered

WADC TR 58-365




..........................................................

> O
> | i
0O 3/16-In. plate ] :_:.:_-_.::

< O 0.062-In. sheet T5°F - ":‘»':‘;::.j:
i 225 400°F —\ 2.
= 600°| F—B — £ Vo
S 200 0 — T —— RORES
- 800° F-__»Jéz__...- = ) S

— —_— P ) iy :;;_ ._._._\-.
175 400" F 7T~/f I R el j_ R

—
o
o

1000 psi
tc\’;

D\\ s 1000° F

100

Ultimate Tensile Strength

< 75

50

150 100 F T F el R

800° F— | S
AN AN __ i

125 = : == _ 3

a 600° F— I ’:‘

g o %
O— X P

R
Ultimate Shear Strength

1000°

y
/
/

o
=)
|

—~tr—

| |
: H I ! L . "":.:':'.:' i
7 0.1 0.5 1 10 100 1000 R -

T Exposure Time—hr oo
~ R
0 Fig, 79. Effcet of exposiure time on the ultimate tensile strength and Sy

Ve N
ultimate shear strength of guenched and tempered Type 420 O
-~ stainless stecl at different temperatures,

& WADC TR 58-365 154 SR

P 2
A .

-

. -




L 3 N A OIUAUEA L LU SAC R SRS, CAAT AL L RARER L MAOMVEMASREA S L ATATA TR SUMVL I DAL S S ML

.
PR -
L“‘i_-‘
B,
ST
Ll -

'ad K

RN § KX

i~ 200

175

.
g
!
il s

- 600° F :
e 400° F

o 150

D, 800° F

125 ‘Vlfi

1060 —psi

100

Y NN

A
Tensile Yieid Strength

7 B o

1000° F - T~ 5

NN

.n....n
S )
A RAFUCAR
et « & .= 8

.
-

50

200 -
75° F—g
175

400° F O _j:)/—_
600° F __?,,__- B R
150 - = —

800° F 4—"
125 ; ) ﬁ_‘_

LU “e'e o .«

T
[

. e
e 't
. L)
“.t.

.
2 s

D]

v f../ o
>N

100 il
1000° F ~——e0—0u] __

75 ‘*O\

1000 —-psi

¢

Vs

REV RS

s
Compressive Yield Strength

50

Canw

-,

Ll

25 S .
., 0.1 0.5 1 10 100 1000 .

Exposure Time-—hr

2hl.

3 .
NS

. 8
]
L N

Fig. 80. Effect of cxposure time on the tensile and compressive yield SRRty
strength of quenched and tempered Type 429 stainless steel At
sheet at different temperatures .

S

s

WADC TR 58-365 155



.‘z_\‘l- RSl Sy O A DAL A A A A A e D At
. -l\
4
N
S

103

RO SN

Ll

Eas
e

Ps

ﬁ

AVNASN
e

.A"
e M

h)

.
PO

°

' A
M T e
RIS

L}
<
hY

.
-~ e

-.l
{-

st
rL
iy

YYD
EAl R Ay

o
~

v :Tlflﬂ

-""
Sl e

30

N

Tensile Mod. of Elast.

20

30

108 psi

vl

Ccmpressive Mod. of Elast.

20

20

Tensile Elongation
Percent

10

Fig. 81. Effect of exposure time on the tensile and compressive roduli of
elasticity and percent elongation of quenched and tempared Type 420
stainless steel sheet at different temperatures.

LA

75°

600° F—

E,

0

400° F—

800° F—

1000° F—

400° F-—

800° F

1000° ¥

1000° F

800° F

4
/

—~ 75°H

400° F-

600°

B
|

0.

WADC TR 58-365

1 0.5 1

Exposure Time—Hr

156

1¢

100 1000




m L m.T o e N w o m e m e om T e e e e, s LT TeT e N T
LS i S PRI RE R Sl M e 2 AR A SR AT R T i T e A AL AP R ISR P S . FREEN .

- o
-~

53 LEER
e ST
: 600 ° F

—
400° F —’@h_\l &

150 —gor=TF f
400° F —

)

175

... -
o

125

100 o

Cross Section-1000 psi

L 75 i

50

1000° F

A
Rupture Strength Based on Original

: Il
g T
::1‘ 25 — > -'.'. :'
. AR

.
Fg
Caa

' 275 % .}g "
o 250 |_800° F— P [ ;:7_};:}5;:}1_
o 400° F'ﬂ“——?r V\% RS

225

R O

=
o 600° F |~ _-_,

' a

200

175 KRGS
150

125 j O~
1000° F—

100 'Y

\ 75 b e \
50 ' \L

0.1 0.5 1 10 100 1000

o Exposure Time—Hr _-:- ' -9

Cross Section-1000 psi

0'!
Rupture Strength Based on Final

RN

sn| Do

Fig. B2z. Lffect of exposure time on the tensile rupture strength of quenched ey
and tempered Type 420 stainless steel sheet at different tempera- Al

,,
WAL I

tures. 77.,:.-
RN
X WADC TR 58-365 157 i
f:" -‘_.c'.:- :-
A AR
'.'a " ':



0 Edge-distance to hole diameter ratio 2.0
O FEdge-distance to hole diameter ratio 1.5

!
400° F- « ]
|
400 g‘\ 0 0 0
600° P —_\/E><8_\_><§
T A |

' 600° F
320 N

1000 psi
i

i

i

- .08 A LA LA\ .S, Y 3B

Vo' s 07085 2 Ll Pt .~ "

] e
800° F-

240

Ultimate Bearing Strength

1000° F4

1000° FA
160

320

400° F-

600° Fq_—ba
4

1000 psi

160

o
240 O -
— \“-600° F /

800° FH

1000° F—k

Bearing Yield Strength

80

1
1000° Pl P

0.1

1 g, 89.
temperatures

WADC TR 90-361

1 10

Exposure Time—hr

158

100

Effect of exposure time on the bearing ultimate and yield strengths
of quenched and tempered Tvpe 420 stainless stecl sheet at different



o Q
~ LRI
AR )

P ‘
.. B
AT R I Ty ’ »

Percent Room-Temperature Properties

100 |

80 -

60

100

'''''''''''''''''''''''''

Ultimate Tensile Strength

80 |-

40 |-

20 +

100

80

60

40 |-

Compressive Yield Strength

——— —— e

0.5h R

i0 hr
100 h

1000 hr

10 hr

Tensile Yield Strength L

| | | 1

Fig. 84,

200

Elevated-temperature strength properties as percent room-
temperature properties for quenched and tempered Type 120
stainless steel sheet at different exposurc times,

WADC TR 53-365

400 600 800 1000

Temperature— °F

159




‘0 .l 5 _'l

YRS 3

S ® T e - - AR v s R 8 2 T eas-

Tensile Modulus

Compressive Modulus

1000 hr

Tensile Rupture Strength

Based 0‘1 Original Cross Section J |
]

p 1C0

A

!‘ 80 |-

P 60 |-

:(

-

l‘ 40

N " 20+

> 2

§} %

' ¢ 100
o

g A

2 g 80

- =

o o

a L 60
Q,

R g

I QL

" g

.) 8

. 2 20}

2

- o 100

v e

.' Y]

' A,

i 80

: cof-

~

sl

d

- 20

0

d

5 Fig. 85.

x

3

P

d

>

200 400 600 800 1000

Temperature—° F

Elevated-temperature properties as percent room-temp-
erature properties for quenched and tempered Type 420
stainless steel sheet at different exposure times.

WADC TR 58-365 160

g - " ¢
a v
& <
- o+ ® ® P
P AP R
PP M
e AR R
> s e Te s
c el w1 e
¢ . voe
.« 0 LR
L e N e 7 e
.




.......

100 . ——mme

i .'E 80 —

N 40 -

hY
N
o
{
g
>
P

Ultimate Bearing Strength e/d = 2.0
100 l | | i |

(o]
o

2

Bearing Yield Strengih e/d = 2.0|

Percent Room-Temperature Properties

W 2ot i 8

Ultimate Shear Strength

20 -

v, Y
Satals s

I | | ] 1
200 400 600 800 1000

Temperature—° F

Fig. 86. Elevated-temperature strength properties as percent room-
temperature properties for quenched and tempered Type
420 stainless steel sheet at different exposure times.

L

WADC TR 58-365 1861

ENENEAE AR Y b9




()
Ay By
"l

.'.:z\.- i
A

‘ﬁ
AR

R i

SN

100

80

60

40

Percent Room-Temperature Properties

0

20 -

80 |-

60 -

0r

Ultimate Bearing Strength e/d = 1.5

100;==$=‘€—1=— 1 |

N TRV L e e e e el o ;'-.o'-',- e
’ A [ . L] Ve '

- v e e e e a? PR O . t

X « ' ot B

1000 hr

Bearing Yield Sirength e/d = 1.5
1 | I |

Fig. 87.

!
200 400 600 800 1000

Temperature—° F

Elevated-temperature strength properties as percent
room-temperature properties for quenched and
tempered Type 420 stainless steel sheet at different
exposure times,

WADC TR 58-365 162

e

-
v e

5

v e T,
EAANTE S K

-
2 e

PN

I
AT I

‘, &4,

. ,- !5 .l’
v .‘I.:l "

o
B Tl S

LA

oS

L)

’
)

T e e
MY
’

'ale

&

At

.
i

D
rd
s
1

W
PR/

LY

Ry

Z ﬁ

[l
'
ab

s
LM
SO
Pl W NS

r

wa|

)
F U S WY

(]
s
2 4’2




O s YA = o

AN

. ) v ] y . . l
2 L ARAAAANER) "SI [ IR M 184 . .
e e e e (L) .<.\....\u..u.\nm b, ....1»-\;-._.. Mcu .ﬁ. i RSN e 2 \/“...
o te e TSR A A | . St e et STl
NI O .\ . n...-\ ..m-.. e el A ol -..\..\.\w\n.\.\.u. AR . !
AAANRT TSR NRAARANR [ HAARASRN AAGARDEY TR o

0.004

—In. /In.

(0]
0
-

Strain

i
£
s

n
=]
]
A~

v

o

>
=
e

v

£

Y

Q

£

@
T

c

o
T

[
=

3)

c

[

=

o

"

o
St

0

W

>

£
=

C

o
e

(U]

S
-

%)

w
[}
g
Q
| 3
3
1)1
O
2,
®
LY
ge)
o
[0}
w0
[«}]
I
o]
-
L]
~
Q
3
Q
-
(2]
S
(o]
]
e
<
>
e
o
Q
Q
K
w
[+5]
@
Pust
w
w
0
<

140 |-
120 |-
100 +

o 40

2
140
120
100 -

001 —sSsaa31S

-]
L]
>y
Fig. 88. Tensile stress-

WADC TR 58-365

RN P e YRYE S MMM A APy AOEVRREIEN  SCRMANARS SRR AARCE . HARAAARH R AR gl < 10T



200 - N

° e
7%° F .
DI '\:“‘:‘\
RS 1 | i 1l l 1 e
et —— '\‘.\ -
r-_\: _\:'.:_ g
N RS
: Y ,\“_\.'-.
"". _.J
.

w s
L

P]

4

) 180 |- et
g?ff 0.5 hr
¥ 180

10 nr

-,
'S
»

180} 400° F b

\ 100 hr

o abakc

Stress— 1000 psi

N 1861
o= 1000 hr
e 1 I | i N ]

0.5 hr
, wl- /o T

600° F e

'I-i"a' P
PR
el

S v

180 h 100 hr
-]

i 0%
‘.I‘-..‘-.
- . "
S ‘::\’._
o S
IS0 A Y
N N M
Al -
o

S 180}- 'S
- 1000 hr N

[
RPN

{ -
e 1 oo -
o - '
S . ] | ] |
:2"}.' Strain—In. /In.
.*:.:
s
RN Fig. 89. Tersile postyield stress-strain curves for quenched and tempered b ram
L L Type 420 stainless steel sheet at various temperatures and expo-
SN sure times RN
;-: * ':.!' ::'-
:;‘.;?-_' WADC TR 58-365 164 ey
R
2 R
0



|

AL,
o S

e

>

-

O

'l
PV A
e

. ."4:'01 i/-"‘l. a .

(SO A SN
~ 0.

Tig. 90.

LA B
SRAARNAL Foi

%%
b "o % .

!

160

160

160

160

Stress—1000 psi

60

60

60

0.5 hr

10 hr

800° F
100 hr

\ 1000 hr

-

—

N DS W I W— N—
0.5hr

—
10 hr
| { \ 10000 F
100 hr
| 7 —
o
b4

’.4___‘,0- 05 1000 hr
, | | V] |

Strain—In, /In.

Tensile postyield stress-strain curves for quenched and tempered Type
420 stainless-steel sheet at various temperatures and exposure times.

WADC TR 58-365 165




120 —
100 (—
140 —
120
100 —

_
o
<
—

160}

.\--Ild\. \ L .

Strain-In. /In.

T

8|

strain curves for quenched and temnpered Type 420

ess-
stainless steel sheet at

Compressive str

Fig. 91.

various temperatures and exposure times.

166

WADC TR 58-365




Ratio Edge-Distance to
Hole - Diameter 2.0
350 |~

300

250

200

150

100

50

Ratio Edge-Distance to
Hole-Diameter 1.5

350 |-

Stress~—1000 psi

300 |-

250 7
200
150

100

50

0.004 |

Deformation—1In.

Fig. 92. Bearing stress-deformation curves for quenched and tempered
Type 420 stainless steel sheet at various teinperatuies and one-
half-hour exposure time,

«
bd .~ n\' hk :.
atat et

WADC TR ¢8-365 167

ot Ul N A
R - KA
oullw e

" .
.................................
.......................

...........

PP AP A A LA R R R I P AP LRI P R

RIS
UL LS.

(2 <

4

|
Coed
a8 A 0 2LSea

)

s
A e
N o

o as

I
b

L ¢
L)
Il DA A
AL

.
et
PR
.'.n
.'.
" -
L
‘-“.
o
i
s
.
.

Ll e e

BRI N o I |



Ratio F.dge-Distance to
Hole-Diameter 2,0

350

300

250

200

150

100

2 50
o
I S
2 — 0
. ! Ratio Edge-Distance to
g 0 Hole-Diameter 1.5
: £ 3s0|-
i 0

300

AT POURAUOU AT MRSV S R PR Y ORAA T ARR — LS R

Deformation—In.
Fig. 93. Bearing stress-deformation curves for quenched and tempered ::'};jﬁ-zj
Type 420 stainless steel sheet at various temperatures and ten- Cae
hour expcsure time. Vo e
WADC TR 58-365 168 o
.l
Y Ot e Tt STt P TN T




-
A

Bl 4 RV
-

PR

Ratio Edge-Distance to

350 L_I:Iole-Diameter' 2.0

! 300 ' B

S 250 -

[ '."'t:."i

! 200 s

150 e

; R
100 -

TN

%0

Ratio Edge-Distance to AR
Hole-Diameter 1.5
350 -

Stress—1000 psi
o

K oo RFANEX SR

300 -

.
t
L]

a

LN AN )
DY

250

A

200

150

100

IR

°0

.l “‘;"l.l'
o)

Deformation—In.

S
Py

Fig. 94. Bearing stress-deformation curves for quenched and tempered Type 420 ;:f-::',:'jj
stainless steel sheet at various temperatures and one-hundred-hour expo- e
sure time. Q- -

oS AWM Y

WADC TR 58-365 169 Oy




4

- LY BN
PR RT AN
\ ettt e
.. Sl

1.1 N

.’ "D ..

el

L ]
s
)

4
T

! A
o 'l. ‘. R
- ‘ o A K -

\

..!"
SN,

S RLY
q.’_s‘_»

K
e
-..‘A\ »

2
5

»
'-

m K’f'f_’

‘eteTa s
. .’-.'1}.

TR
oSO
A A

o

AL PO

s

.

.....‘.
AL .‘.

[

350

300

250

200

150

100

50

Stress - 1000 psi

250

200

150

100

o0

Fig. 95.

Ratio Edge-Distance to
Hole-Diameter 2.0

Ratio Edge-Distance to
Hole-Diameter 1.5

x0°°° 0.004
|

Deformation—1In.

Bearing stress-deformation curves for quenched and tempered Type 420
stainless steel sheet at various temperatures and one-thousand-hour
exposure time.

WADC TR 58-365 170

...................
.................................

.
s
~..-
AT TN
a ™. .
N

2 lal




- e 1%
]
|
N

”

—
NN
)

20 \ ] NN
16 — S
75° \
\

12 — ~

LA AN R

«
y )
b
‘. b

[ ]
)
a "

- Pl -

‘.I.’ .‘ » .. -' ':

o . . S

R4 n' P l' l._'_‘_‘
6

4

Pa a3

" TS

s L [ -._ ;..-’ . ..
[P 4 APPSR
o ST e e e

28

24 — \\\ “
% o
100 he

16 0 ) Jee— A

)

TLALL Y

e .

.
] h J
b P

{ IS
. tetet

. A

. R
.« v . PRI

A
Y

.
)
e

LN

v
DAY

:-'.'-H.:?:..a. :

Tangent Modulus in Compression-10° psi

:;-2;: ———1000 hr :
o -\ .::\ -~
S 12 o
- .\_ . L
W 400° ¥ oo el
N 8 - - o
e 4 AN

. B

s 0 L

0 40 30 120 160 200
Compressive Stress—1000 psi

.
I

RRAARIE LI
NS
/

P P
P T S S

Fig. 96. Tangent- ;nodulus vs. compressive-stress curves for quenched and o
tempered Type 420 stainless steel sheet at 75° F and 400° F and s
different exposure times. ol

1

WADC TR 58-365 171

.............




- - - P Coth JE0 EAC RPN S S D A R I R
. - . [ IELIETIRT Stk G AR L AL G Lives Yol M R TR L o S S AN TP I
HELINE o LA QA Sak il i i R TN LN NS A T "A\ \ D ST AT T T .
. .l )
o
[
[ . — -

32
28 A : S
04 N\\

1000 hr IR
20

16

.
12 100 hr - \ P 10 hr

600°

2

28 -

24

Tangent Modulus in Compression—108® psi
=)
ree

16 100|hr Yoo
1000 hr o0

12 AN "

800°

o

%

t.{':- 0 40 30 120 160 200 S
E Compressive Stress— 1000 psi S
t Fig. 97. Tangent-modulus vs. compressive-stress curves for P oo
quenched and tempered Type 420 stainless steel sheet S
at 600° F and 300° F and different exposure times.

« » 4 8 & ¢ . [
A A LI
s K .A"_" . P

WADC TR 58-365 172



el Al

28

»
24 — i

W~
AY
A

corTr v 8T
. )

20

‘ o =
100 hr M»-\- 1000° F P
0 0.5 hr BRSO
\\(V S j'.j: :;}::
12

1000 hr — 2o

L —— 10 hr

| "
\

DN
atet,

PR R I
»

v v

¢ o
..

A,

Py
* "o ¢

R XA

o

Tangent Modulus in Compression—10° psi

- 0 40 80 120 160 200
e

o Compressive Stress—1000 psi

:".:; Fig. 98. Tangent-modulus vs. cornpressive-stress curves for

! quenched and tempered Type 420 stainless steel sheet
at 1000° F and different exposure times.

g v e
!—'“
3

. Tety %
.

Y Y1 r
Jo

h s

.

[
- e
&

WADC TR 58-365 173

N

'’ Ot
] . ~ N
.. S
J » - 2 ‘
R SN N
" '- PR
s N
" :._ o
>, . :
- .

@ o -
R T I T R T TR T T TR SRV N

..................

o
«




0692 S'LST 112
0292 S LS1 9%
0292 2 091 44
0°¢€Le 066l 9
6 892 G861 14
S 0LZ 0191 Sh
S '$92Z S 861 Ly
8°1LC 0-9¢I 4
9 °€Le € LGI SP
0862 b 6ST 44
098¢ 9 851 Ly
0°6L2 0°pst 114
9 '6¢€2 1°091 tl4
0°602 07091 o
0602 0091 9%
0°10¢ S 091 9%
0°1L2 G 8Ll 0s
0°LET 0°€81 8%
0'vLe ¢ pLl 16
0°662 ¢ 8LI 1S
1s¢ 0001 1sd 0001 NGy Y
SH SY [PaeH

sauw], SurpioH pue saamjeaadwa], juaaanqg

1€ 193yg (991G ssatuteys Oz 2dAL "ul-zg9Q ' jo senaadcad a[isua],

2z °lqel

e 4
-o.q» )

Pl B AL RN

S By
LR

8 1°061 S 9¥bi ay
8 0061 G L¥I
8 0°161 S 8h1
L G 681 S eVl 0001 00¥
g 1°261 A2 3ay
8 S $61 AR S A
8 G261 S vhl
8 G 681 0 v¥1 001 00¥%
8 1°061 9 LV1 Say
g8 S 161 S 6b1
8 0°261 Lyl
8 8981 T 9%1 1) ¢ 00%
8 G261 0°¢S1 3ay
8 G261 0°GST
8 G261 0 ¢Sl
8 G261 0°6¥%1 S0 oov
8 L°L02 ¥ 6b1 Say
8 002 0°0SI
8 0°802 0Lyl
8 0802 1°1GI LY
1sd 0001 1sd 0001 Iy ‘awr, d,
sSLn SX duiproyg dwag

e N T 6, T T

Y R AN

g v
AR AR A AP LPO AT A a1 § 2

WADC TR 58-365



0892 G L9l 8Y 0°6 1°62 8981 8 1¥1 2y
0°L62 G991 9% 0°'8 £ %2 0981 0°6¢€l
0992 0°%91 6¥ G'6 9792 0681 G 8el
0°€ve 0°gLl 8% 0°6 €92 G 'G8I 0°8%1 S0 008
0°o1¢ GeLut 6% 9 0°62 9 ‘881 € '9v1 Ay
0°zee B 9Ll 0S L v L2 2061 8 ebl
07982 8991 0S 9 S 62 G061 8 961
0cig 0°¥LI 14 9 ¢0¢ 0¢8I v '8¢l 0001 009
0°282 17021 14 9 6L 8°061 6 €bT day
0°692 S '8LI 6¥ 9 8°L2 G 88l 1°2v1
S €92 ¢ 081 14 L 8°LC ¢ g6l S'evl
S'Lig G181 0S 9 1°82 8 061 (AN 001 009
¢ 662 €28l 0S L 88¢ ¢ ¥61 9961 3y 0
S 662 0°v8l 0s L £ '8¢ 026l G LIl —
0°60¢ 598l IS L 9°Le G 861 G 8GI
0°€62 G 9L 0 L 9°0¢ 0°261 8°¢vl o1 009
£ 082 8Ll - 6F 9 L'Le 8061 €191 3ay
0°692 G 8LI 0S L 962 0261 6 "6S1
0°82¢ 0°9L1 6¥ 9 v 0g 0°681 0°¢s1
0°L52 0°0L1 Ly 9 042 § 161 0 TLI S0 009
1sdgoor  1sd 0001  NoyE % 150401 1sd 00T 190001 Iy “aunl 4, o
SH eSH PIEH "3uory i 1} sSLn SX Surpioy dway
8
Sauwal [, Wﬂﬁﬁom pue saamexadwa], ju=2a:3yItd m
1€ 133YS 13315 ssajurels 0Zd adA], ‘uj-ggQ ' Jo sanaadold afisual m
<

(panuriuod) 72 3qeL

IR Py M AU R A A AT R PSRRI . YUY VISRl AP - TN T IO ¢+ AR RN P M Yo NN



O
.
S ial
B
_-\
<
.

W... - .‘ L, ) e . . s

4

[

r..

y.

. 9°0¢eT /AN S 4 (4

ﬂ 0°9¢1 9GP 4

9 Z 9¢1 ¢ 6¢ 1€

A G611 G '6¢ gt

A

23 g 1€l 0°96 Ly

5 0°LYT 0°9% Ly

0°6¢1 0°LS Ly

ﬂ._ J°8¢l 0°¢9 Ly

A 5 LE2 b egT LY 09 222 6°9LT 9°gel By g
3 G°68C 6091 9% 09 L'82 2081 0°1%1
T 0°¢ce2 8 LYI 114 0’9 g€°L2 0°bLT g 2¢el
_,” 0°0¥2 9°IGT Ly 09 L°S2 ¢ 9Ll G'gel 0001 008 o
4 o
. 8 L¥2 9861 9% 08 L°€2 G281 T fay o

L., 0°162 ¢ '6S1 141 4 0’8 I 44 9 081 Gvel = .
L 0 %92 Z°991 Ly 0'8 192 8681 S Lel L
r. G '82¢C G°0ST Ly G'8 8°C¢C 0181 8 '9¢l 001 008 .
3 S
n L0872 € '8G1 Ly 08 ¢ 62 € €81 0°9¢1 Ay

“ 0°1LZ 9°291 8P 0’8 6°€2 0°¢8l G'eel -
w 0°28¢ 0°¥S1 9% ¢'8 I G2 S 081 9°0¢1
w.. 0°68¢ ¢ '8¢l Ly 0’8 L'9¢ ¢ ¥81 8 ¢l CT 008 L
- 1sd 0001 1sd 0001 NGPYd % 1sd Jot1 1sd 0001 1sd 0001 Iy ‘dwrL d, 8

o SH Sy PIeH ‘8uorm AN S.LN SX duipioHd dway
v ©

3 : .
w sawit], Buipioyd pue saanjexsdwa], juaaijig [ .
n 1® 1994S ,129)S Ssa[utels oz 2dLL u1-g90 "0 jo sanaadoad aisuslL Q

3 2 o
w... (panutjuoos) ZZ @lqel = x

TFITN

.\.n\..--.un. I‘..,u.. ... 1- o
U LI

FIETITN D

QR R T e N R CRRIRPUI NS SR AL - SR S A
R A AL O MR ROy P R RO A
[P 2 EAIRAN A MU ANASE VRIS 4 PRPAPIPATAY A . PARANCRARS .n.*. ik




3

,_. DV ‘a4 g d ,006 D "Odasydsoune uodae utw g g 0081 — IUSWIEII} IR P

N ‘uUor}d3s SSO0JD [BUYJ UO paseq yjduauals aanydny ‘¢

s ‘uoT103s SS0Jv feuldrao uo paseq Yiduaals aanydny g

w. 'S153} J93}Je 2Janjeaadwa; WOOX j8 SUOT}BUIWIDISp Ssaupaey |

m.

) -

3

2 6 '8b 1°LT be 61 L ¢ L°S9 09 Fay

% G99 | AN 44 £e 1 1°€¢ LG9 €66 -
;- G'29 A 44 Ge éc 602 L°99 0°19 =
a 9°Ll F'9 €€ (44 9°0¢C LS9 0°19 0001 0001

6 "LOI Sbe G¢ Ll 144 _ £ 69 G¢'29 3ay

X 0911 S'pe S¢ 8l G 92 069 S§'29

9°E6 1 4 LE Ll 5°2¢ 0°69 0°29

AR 49 9°%e (4 Ll 8Ll 0oL 629 oo1 0001

. 15d oot 'sd 0001  NSbY % 1sd 01 tisdgoor  rsd 0001 ¥ dwL i, 8
; SYH SY PIEH "Buory dN SLN SX 3urnioy dway, %
g a4
.. sawr], SuIp[OH pue saameJadwal, jualayng 3
“ 18 329YS 19915 SSIUTEIS OZF adA], ‘uj-ggQ 0 Jo sanngadoad arrsual m
, <
n (penutjuod) Zz 21qel =
.

4




LA &

LA g

LA A A AR IAE Ad

SN I

AAREEL AR AR LT ELARA LS Rl

.

IS wL Vg~

3

-

-

Y

-

AR S AR A% ae i 4

3

P A

.y

AR R

L §

a

9% 8 P8I 144 L°T61 Ly ¢ L6l 147 L 861 day

9% 0°981 Sy 0°¢61 Ly G g6l 8p 0°¢02

LY G €8T 9 0°L81 2 6°£02 9% G L6I

9% 0°G81 144 0°661 Ly 0°G6I (47 G 'G6I 00¢

Ly L €02 Sb 2502 i¥ £ "502 9% L 502 day

1424 0°102 1974 ¢ 'S02 Ly 0°102 9% 02,02

8b 2602 SY 0°502 Ly 0°L02 9% 0°£02

9% 0102 9% S G602 Ly 0°89¢ 9y 0°L02 009

LY £°602 414 L°.02 Ly 0012 Ly L'81Z day

9% 0°.02 1414 0°60¢ Ly 0°012 Ly G2IZ

LY 0°902 114 0°L02 Ly 0212 8¥ 0°912Z

Ly 0°G612 9% 0°L02 Ly 0°'802 Ly 0°gle 00%

144 8922 Savy

Sy 9 '822

14 2 0922

42 0°822 1y

D4 1sd 0QoT oy 1sd ppOT oy 1sd 0001 oY 1sd pgo1 d
pIeH SN pIeH SLn pJley SLn zPIeH SLN dwag

JY NQC::,H
Sutproy
sawi], 3uIp[oH pue sainjeradway, ulI3 g
1€ 31BId 13315 ssajurels gz adAL "ul-9]/g¢ JO yiBuallS a[ista],
£¢ 2lqel
RN SRR . ..\ .\........'...... ..‘. .f.w.r.. 7 A AR N

Yava-

-

YN

.

Y

A

e

o

«
[y

R
IR A

178

7y
g
: a

WADC TR 58-365




DV I g .006

‘'® Ofsaaydsowle uodae utw CI Jd 0081 — wuawiedr) €3y ¢
'S$1S93 J31je 3.anjesadwd] WOOJ je 3peWl SUOIJEUIWI3]3pP SS3UpIBH g

'y3duaJais aisuay

ewiiyl |

8¢ L'€9 oe L gL pe 198 18 ¢ 021 8ay >
- 0°¢g9 0t 0°¢L 14 S'L8 44 0021 -
L3 9'¢9 0¢ 0°2L pe €98 Y4 0°¢cet

3e 9'%9. 63 ¢ 9. G¢e G '¥8 {44 G 811 0001

oY isd 0001 oY’ 1sd 0001 DY 1sd 0001 O 18d 0001 Ao

paey SLN paeH sin piey sL0  zpieq SL dwag, S

0001 001 01 2/ 1 Jy ‘auwny i

Buiploy &

09

sawtl], 8ulpjoy pue saanjeaadwa], u3IINA B

1® 3uld ¢19915 ssajutels 0z 2dAL "UI-91/ ¢ 30 yrFuang 3IsuUdY m

(panuriuos) gz aiqer 2

AR Y S R LU e S T

S
‘e ‘e e te e <, .I.i.-v-
A AR | LR (AN A

AN .......wfx(....

-




Ny

tese

"

9%  9°22 6°IGT 6% & ve 2 HSI 05 092 Z°83T Ly 092 66T Say
9% 6°¢2 0O°PS1 I¢ 6'¥2 0191 6% 8'8¢C L'9GT 8y L'6¢ 0°261
9% T1°'12 0°¢ar W L'92 G 6vI 0S ¢ ve 8 '$C1 LY b'gg 0'8F1
Ly 8°22 8°8FI 05 G'1Z2 0°2SI 05 062 0°g91 ¥y 0L 2Ll 008
8%  L°LZ L'I9T 8% 8'82 ¢'gSl Sb  6°62 6°6ST 8 T°.2 0°69r iy
6% g€°LC 07891 8% G'LZ 0°¢ql ¥ g£Le G°9¢I 8 0’62 G191
Ly 1°.2 0°¢ol 8% v'62 0°%SI b 92 8°g91 05 992 G191
¥ 8°82 0°66I 8% v'68 0°LSI S%  0'%C S°6SI ¥y 862 0°99% 005
9%  L°.2 0°L9T Ly 2'92 Z'ILI 9% 9'9Z -89l 8y 282 0°0LT 3ay
144 G692 0991 W €°92 0691 143 4 8°6¢ G°GarT 6¥ 9°6¢ G091
Ly €°LZ G OLI 8P £°92 ¢'ZLT 1414 9°82 0991 8y yLE  GILI =
¥ £°62 S°991 b 6°62 1°2LI Ly  £°62 0¥LI 8 L.Z 0°8LI 00% —
¥ 6°82 9°6LI Say
9% 9°8Z 0°6LI
44 L'82 0°9LI
8 €£'6C 0'%8I Ly
Ngpd  1sd  1sd  Ngpw 15d  1sd  Nepu  1sd 1sd  Ngpy  1sd 1sd ER
PIBH 0T 0001  PIEH 401 000 PI®H 40T 0001 .PieH L0  00OI dwag,
AN SXD AW SAD dN SAD dN  SAD s
00CT 001 o1 2/ Iy i
awniy ‘pIcH I
m
saulry, SuIployq pue saanjeaadua ], juaiagng =
e }99yg nﬂwwum ssaqurels Ogy 2dAL ‘ur-ggQ ' Jo sentodolg sarssaadwor M
. ¥Z 21qelL =
ARIIE VY R RNNY - FUVWITY SRR AARNT o AL PP A A S N O I N T e e e TG e I




ST Y Th ot 3 AR Pt Mist
LA A ORI

S MRS &......s.‘.... )

-
Ml
~
.
o
.
~
>
0

. - -.' -."“' ‘- a '
LR TR ERY O SRl S S |

A

n

A

3
'OV ‘ayg J ,006 ° *® O 21aydsounje uodae urwx g J 008 — IudwWedI) I1BIH g “
*$159) J93Je armesadwaj WOOJ j& IpEW SUOIJeUllIa}ap SSaupley °Z
‘y38uaays plak aarssaadwo) I - .
2 4
2
2 922 L'29 g¢  G'I2 0°IL 8¢ 8'6I 6°¢8 86 28 826 aay o
9¢ ¢'1Z LIS (43 £'8T 0°89 8¢ $'0c 8°G8 or £'0¢ 0°101
92 ez L'€E9 (4% I'cc ¢£°89 8¢ PLT 0°F8 be e'vZ 068 ......_
¥e c'ge 029 ce 1've L9 8¢ L'1Z 0788 6¢ 0'6Z €88 0001 :
NGHH 1sd  15d NGpY 1sd  1sd NGHY 1sd  1sd NGy rud 1sd E ...\m_“...u
pieH 0T 000 P3®H 40 0001 PIeH O 0001 zPaeH 01 000I dwag, D
JN SXO dJN SAD qdIN SAD AW SAD o
0001 001 o1 2/t Iy = KRy
sunty ‘PoH = Y
Sourl], BUIP|OH PUR salmeladwa], JUaI3id m e

18 333Ug (19915 s83ureIs Ogy adA1 ‘ui-zgQ'Q Jo santadoid aarssazdwo) &)

a

(panunuod) $7 el W

A, A R RN B




o tv e

sauw] Suipioy pue saamjeaaduwa], juaiajng

18 21eld ([29}S SSalutel§ Qg @KL UI-9]/¢§ JO [PBUILIG 18ayS

G 31qeL

1§ L°921 v £ LT 44 2Ll 4 4 6 821 say
44 0°Pgl 1% 0°L21 1§7 ¥ 621 I¥ 0821

Z¥ 0521 44 0°L21 (8 2 0921 44 0°2¢1

1) 2 0221 (A4 0°821 187 2921 18 2 8°1¢1 008
L2 €221 | 74 9921 1 2 L 121 32 8921 day
£2 0°%21 ¥ G921 44 0°221 ¥ GGzl

¥e 0 %21 ve 0621 v 4 0°¢21 £b G 921

€€ 8 811 £2 2821 Ly 0°021 LY G821 009
9% 2621 9% L°921 LY G621 44 I°L21 day
]2 0°121 114 G 831 LY ¢ '821 44 2821

41 2 2821 LY ¢ 'cz1 9% 2621 £¥ 2821

9% G921 9% 6921 LY 2 IeT 44 062t 00%
9¢ £ 0¥%1 3ay
Gg 8°¢cl

Mo 0°sv1

Lg 0 pFI AR
oY 1sd 0001 oY 1sd 0001 oy 1sd 0001 oY 1sd 0001 A
pIey SsSN pJel Ssn pley SSn ~,pIey SSn dws

001 ot 2/t Iy ‘aurmy,
LJIpTO”

182

WADC TR 8-365




DV ‘qug g ,006 < O°O‘2asydsoune uodae urw Gl 2 ,008] — JuswWieaI} JBAIH g
"SS9} J33ye aanjesadury WOOJ je IPEW SUOIIBUIUIISIIP SSIUPJIEH 7

‘y3duauais xeays ajewriin [

e L'Ly 62 2 86 9¢ 2 €L 0¥ £°98 gay
- LY 6¢ AN 441 8t ¢ 2. 8¢ 9°98
G¢ 8 Gy 8¢ rA 2 £ ¢ 8L 4% 1°98
r44 006 0g ¢ 99 8¢ 8°89 68 €98 0001
oy 1sd 0001 0¥ 1sd 0001 od 1sd 0001 oY 1sd 0001 d,
paieH ssn pieH ssn piey ssSn ,PJeH SSn dus,
001 01 ¢/l Iy ‘auw],
Suipioyq
mmFA.H mcﬁzom Uﬁx mwhawkmﬂﬁw'ﬁ aﬁwhwmﬁﬂ
je Nuuwﬂnm ngwwuw mm®~:wdum ONV Onm.hh. .CHl@ﬁ\ﬂ .«O ﬂ—ﬂwcwhaw.hwwnm
?v::ﬁ:oov G¢Z 2iqelL
RN AR RPATORRN RN NSRRI - AIOSACERA AR AN SO N R 1 MAACA SAN i

183

WADC TR 958-365

Y SN




r W o 3 e

PRI w P R S Sl !..._x. ..; e e a ..\...\..w........r.
1:14 £ 882 L g%e 8 L'00E ¢€°8¥C Ly €862 L'6¥2 9% 0°'¢6 8'Ive Ay
114 G'G8c O0'¥ve 8y O0'%0E 0°162 Ly 0,08 0962 9% 0’162 0°192
Ly G'062 O'eve 8 0°20¢ 0°'8%2 9% 0982 0°'GHC 117 0°'L62 0222
8P 0682 O'¥¥C & 0°962 0992 IA4 0°20¢ 0°'8%2C 14 0°'162 S°2¥2 008
Ly 72°'v0¢ T892 Ly €108 8°6%2 IA4 0°01e¢ 6°0G2 8% 6’86 ¢C'eve 3ay
1244 0.0 ¢G°9eT € 0°G66C 0252 144 0°¢0e 9°'6¥2 8Y c'66 0'1ve
Ly 0°'v¥0e 0°092 8 0962 G 'GET 44 0°I1¢ 0°2¢2 44 0662 0092
Ly S'I0e 0062 s 0°¢glg 0°292 8b 0'vIe O0°162 6% 0°L68 G'8¥%C 009
Ly L°L6C 0°692 W LTI 27092 1A 4 € 66 © 661 8b 0'¥0g 8°2S2 8ay
L¥ 06og O0'zLe LF O0°80E 0°052 LYy 0'¥62 G661 8% C'v0e 0°¢ve <«
Ly 096 0°192 8 O0°cie¢ 67692 114 0°662 - 8 0°v¥0e G'2L.2 ®
IA4 0'c6c 0°292 Ly O°LIE 0°192 Ly 0°¢0g 0°t0e Lb 0'v0oe 0°¢eve 110}
Ly £€°62¢ 0°09¢ Bay
Ly 0°'¥2¢ 0°852
Ly 0'82¢ 0°682
Ly 0'¥2e 0°L92 Ly
NSHY 1sd 0001 NGHY 1sd 0001 NGPY 1sd 00OT NGHY 1sd 0001 g,
pPIeH sdn SAH PpJIeH sdn SAH DpPJIeBH Sd1 SAd g¢pPa®BH zSHI 1ISAd dwiaj,
0001 001 1) § g/1 Iy o
suny
'PIOH R
5
sawt], BuIp|OH pue saamyelsdwia], JUsIajjiqQ >
18 193YS ¢[331S Ssaturess Ogp 2dAL ‘ul-z9d 0 JO ysenitadord Buraeag m
97 21qeL S

W w SIS W e s % s e ® ——

"
h

. ~ T 0N - -
DRI AR SIS ST RN

N



DV ‘a4 g d ,006 ‘O O‘dxaydsounye uodae utw G J ,0081 — IdWEIJ) JEAH

"G '] OT1BJI J3}3WRIP-3]0Y 0} aduelsip-adpy

‘yi8uaals duraeaq sjewatiy] -
‘y3duaays piatd Sulaeag

g
4
*5159) J13jye arnjesadura) WOOJI }€ IPEBW SUOTIBRUTUIIR}AP SSaupIey ¢
(4
| §

g L'€01 898 1+1% G'IIT  0°101 8¢ L'gel 8 6II 6¢ 6 1ILT L '8%1 Say .
6¢ G901 G 68 Ge ¢'ITI1T  S'101 66 O'vel 6611 o¥ S ILT 0%Vl - ]
Lz <10t 0°88 9¢ 0111 0°001 8¢ ©¢'2T 0°¢21 8¢ 2691 0'¢gvI o o
6 0°¢g01 8¢c8 GE ¢ SI0T 8¢ 8'GeT GIII ob 0°GLT 0 '6SIT 000t “
NGPY 15d 00T NGbH 1sd 0001 NGpd __ 1sd 0001 NGhY 1sd 0001 EQD X
pieH sdi __SAd  pded sdn SKE PpieH sAn  SAd PIeH  saAn  Sxd  dwar
0001 001 1] § ¢/t Iy ©

awry, ‘

‘PIOH B KX

R ..-\.(

sawr], Suipioy pue saamjexadwa], uaIayid =

1€ 399Ug (]991G SSaluTels (gp 29AL -uI-290 0 Jo ysonstedoxd Burreag m ,.

(panurjuod) gz 3iqel = \

s

R

s

'-15(

SERIK UNRAANRRES .. SR JRRARARRY  SARRSARY] IRKNARRAN  CUAMLSIAD RV | I SSCIRECRUR  Tothl SRSl AN ] ST N ar.run



b H f
Lot v

£ e TV
b SRRSO W

Lb €£°89¢ 0°18¢ 8 0°26¢ 0982 8 0°I8¢ ¢£°182 9% 098¢ G682 dry
8 0°L9¢ O0°pL2 v 0266 0°1L2 8¢ 0°6Le 0°LLZ 6 0°%9¢ G°2¥2
Lt 0°69¢ 0°v8% 8y 0°26¢ 0°'v62 6F 0°06€ 0°GLZ S 0'¥6e 0°60¢
Lb 0°69¢ 0°682 8% 0°26¢ G'€62 Ly 0'vLE 0°682 ¥ 000 O°sog 008

Ly 8°88¢ ¢g°L8¢ 8% L'I8¢ 0982 6k 8°€6E T°662 0 0°'10F L'cOg Ay
W 026 0°v62 Ly G°'8L 0°G82 6y G°G6¢ 0°G62 0s O0°'I0F 0°60¢
Ly G698 0°562 6F G'€8¢ 07062 6V 000y 0°cig 6 0°T0F 0°60¢
v 0'88¢ 0°¢cLZ 6y 0°¢8¢ 0°¢82 6 0°982 G°62¢ 06 0'10r 0262 009

S ev0F 0°8I¢ 6V 0°GO¥ G'90¢ 8 L'¥Ob O0°10¢ 8% L'C0F 0°L6Z AN
Sv¥ 0°90%v O0°SIg 6v 0°90v 0°80¢ 8¢ O0°0IFY O0°L62 8 0°90v 0°00¢
Sy O0°LOF O°G2e 05 O0°'%¥0v 0°Gog 8% O0'%0¥ O°LIE v 0'¥6e 0°882
S 0000 oO°cIc 6%y 0°SOv - W 000 0°682 8 0°'80F 0°cog oov

[Hej
<
6F €ISy L°0Z¢ 3ay
6F 0'Ieh 0°g0s
6% 0°'82Fv 0°62¢
6F 0°CEy 0°'pee LY
NGHY 1sd 0091 NGHH 1sd 00Q] NGPH 1sd 0001 NG Y 1sd 0001 d,
piey sdn SX9d  pied sdn SAd pIeH SgN SXd PIBH ,5dn  ,SAd dwag
0001 001 o1 g/ Iy
swy
"PIOH

saw1], SuIpiOH pue seametadwa JUBI3 I
18 19945 19935 ssaurels ggp 9dAL ‘ur-zgg ‘0 Jo ySonaadoad Suraeag

WADC TR 56-365

Lg 21qeL

S T, S S R R S L L AT, S L C eI Y Y R MIER Y C 1t e vy s, o s o



D S A
~.-...-“
.
.

e ST

KARRATRACRA e Sk ]

3

S Y LN YYLY Y W N VYL L, v

0V Iy g d ,006 ‘O O‘da9ydsourie uodie urw g1 4 008 — ludun eI JEIY
0 ' Z olieda I3j3weIp-3[0oy 0} asue}sip-adpqg

.

S T

. "$1533 J3}1Je 9anjetadura) WOOJ Je dPEBUl SUOIIBUIWLIIISP SSIUpPJIBY

. ‘y38uaays Suraeaq ajewny(y -

“\.__ ‘y38uaays praif Jurreaqg

3

.

3 5
2 82 1°'gel 1°80I ¢e  ¥v'S¥I 1211 8¢ 0°991 ¥ '¥¥I 8¢ 9861 8 ILT gy~
. 8¢ 8°GET 0°LOT ¢¢  SWI  0°LIT 8¢ 0°69T 8°L¥I I 0902 0681

" 8¢ GS'IgT 0601 ¢ 0°9%1 L'GOlL 66 0°¢91 G LET 9¢ ©'961 G991

o 8¢ 0°8¢I 0601 ¢e L'SPT  L'eIT 8¢ 0991 8 L¥I Lg G'g6l 0091 0001

.

3 Ngyd __15d 0001 Nepd __1sd 0oL NgpM __1sd o0l _  Ngy¥ __1sd ogQl g

“ pPIeH  sd Sid PJIeH  Stin Sid paIeH  sdfl SAd PJIeH ,Sdil 1SAd  dwsL

" 0001 001 01 2/1 ST
A aury], 7
‘ 'PIOH S
L 7
“ Saw’ J, SUIP[OH PUE Salnjedadwia], Juada g &=
ﬁ. 18 193Yg (19915 ssafureis Ogp 2dAL ‘ur-gg9Q 0 Jo ssanradoag Sutaeag N
0 <
“ (p3nunjuod) )2 arqe, =
a

3

,WM-. ’ o F AL e .« v . - “« s e=m ommam , ) o+ e e . . e .

v..\-.x.‘..n ..- ‘i.q. . .,. .-.~.-.-.- . e .., PN -. ... : - .. r _ ... ..\ .\..\.. ,.. ... ...‘.. 5. Vr. ... ... | \........u. ) .\.H. .....\..n- ..\ 3 qq. .-.\J\-.\l......: P .w ... .-..-.- ... .. n..x. . I‘LM --v.h!u .‘ . '-- ----.-c-!;-d

-t 5 s .




BRSNS | (AR Ay PR

\ii.ﬂ

\
oo mem|

T T W N Y oW o=,
0 RS RN
L AR S
" L _... DR
L. .. Cot
Ut ! [ PR A

10.5 Type 422 Stainless Steel Sheet, Quenched and Tempered
188

WADC TR 58-365

NRAR BOURRERIINY - SO GRRr  (IRMNE SRl 1 AARARAN  CETINAIAE  ERANKARI  (SOSAIIREH § | CatANAVE G SRR T AR S IR



A D L N BN A T T S P e T A e e A SN - M S R L T T . 4 v = & s« A

O 3/16-In. Plate

200 O 0.062-In. Sheet b .

400° FH+——

180}
&“

=|m.’00 R
l

|

|

h

|

‘l

41 .

o

I '
I 2
|

11—

Lo} 600" F
= 300° FA 1 t -

400° F1+ —1 R
800° F-f{—eO- S
Rl - Voo

120 N
100 e = Y

1000° F

1000 psi

LIRANY
Ultimate Tensile Strength

o AU

80 i

|

7 5 ° F | ‘_.\ .. 4
600 ° F—-—\ \ ‘.‘:-
1 \ _

4007 F
100 — %ﬁ ]

30 o

_'r _‘) _‘l '\: _.X _.-'

[
(3]
(=]

AAR

o
a

1090 psi

[ .
. . ’- s '- FE A
P

. . ‘ a0
‘ S,

GO

Ultiwoate Sacar Strength

e i T ATTNT

I
40 —
0.1 05 1 10 100 1000

Exposure Tiine-hr

.o

AT SN

Fig. 69. Effect of exposure time on the ultimate tensile strength and
ultimate shear strength of quenched and tempered Trpe 422 L
stainless steel at different temperatures. .

WADC TR 53-365 189 b

R AR AT -SRI P




Fard

FLNL S

l L‘ ‘v. Y "-“‘ h ." .‘. ’

» " L S
2P | MR IEIA

2 ", “a
, J‘.l -

Ll

Y. A

I

180

160

140

120

1000 psi

100

Tensile Yield Strength

80

60

180

160

140

120

1000 psi

100

80

Compressive Yield Strength

60

40

Fig. 100

75° F’—\

400°

600°

600°

\
800° F—~ \L ,[
| 1c00°p 27 ——0 o
400° 1

800°

1000°

[
1

L

0.

1 0.5 1 10

Exp

osure—1[r

100 1000

Effect of exposure time on the tensile and co. .pressive
vield strength ol quenched and tempered Tvpe 422 stain-
less steel shee! at different temperatures.

WADC TR 58-555

190

_________

‘‘‘‘‘




'Y P e |
YRR’

,‘,‘.'/-'.
Al s 4 4R A

‘.

. 4 .
LR N

P .
P .

. s .

AR R ]
PP}
e e

PR AR AR

e S0 fo %y

./'.“

[

N

»

. by
PR
P L
o .
- . LI

1
P

Y L
PR I
Aot L

A4

..
’
AN

1"‘

.m

AR Y
L N

DR B B B B

19

NS
A

v @

AR -
] .-'-" ".:

A
A 4

|‘l v

Yy

-,"\/’1’_‘1.
aoayalatleas
Eolred

g

B[

Tensile Mod. of Elast.

Compressive Mod. of Elast.

Tensiie Elongation

,,,,,

30

75°

4007 F -

6007 F

25

10° psi

800 >
1000f ®—

20

75°

30

600] F

100°| F
R

25

800! F

108 psi

10007 F

20

20 1~

15

10000 F a\

Percent

10

800f -

.

O
v —

! 4001 F

Fig. 101.

0.5 1 i0 100

Exposure Time—hr

1000

Effect of exposure time on the tensile and compressive
moduli of elasticity and percent elongation of quenched
and tempered Type 422 stainless steel sheet at differ-
ent temperatures,

WADC TR 58-365 1vl

hCE P S
ROASE RN
.!' -.' -_‘ .

S TR i . RIE P
R A N N e e INSRERS
A~ gt gt o ° .n“. - P W) - Can gy Yt P . . -

LR S
- ..‘4‘
« e B

-
SN
e

N e ‘.
A A
- b -
- T -
'. LN | T
co- Ll
. " h
RN
At
e
. .
N P -
"-" LN
‘. PR
Py o
..-"--". \
R
Ca Ny
N
- W .h
AR
S
.




..............

175

-

Rupture Strencth Based on Original

100

Cross Section-1000 psi

73

20

275

225

200

175

150

Rupture Strength Based on Final
Cross Section-1000 psi

125

100

Fig. 102.

WADC

R W

O

75°

400° Fj

800° F

(&

600° F

A e

b S

5

1000° F ——

JZ’(?

S

:
—

600° R

800° F

400° E

75° w

I

1000°

1

| —

——

L5

|

0.

1

0.5

1

10

sheet at different temperatures.

TR 58-365

L I e W IR T P S TR e I S ~
G A s | - ‘n I T IR Tt T v =t
NI e AT A
. Al ~- - ~ . " . « " -~
LAYV O ALY, Ml e ™oy han [y o e

..............

qqqqq
St et

100

Exposure Time-—hr

..........
......

1000

Effect of exposnre time on the tensile rupture strength
of quenched and tempered Type 422 stainless steel

" CR Y
« ’ - "
U
e - -..
. A
R
| S
BONSAS
R T

»
" a
L

« T
L]

-
" .
-

w o~ ~my

- 1] } {l .
XN



9

S

’ ..
S :‘,"_. T

e .
- . T

HARRAAA

-,

O Edge-distance to hole diameter ratio 2.0

O Edge-distance to hole diametier ratio 1.5

75° F
400° [F —

320

240

1000° F—

1000 psi

160

Ultimnate Bearing Strength

1000° F

. :.f-:.:d'
o .'.':'j'l‘
[en] ',_\.,: -,
= 600° F— o

160 1000° F 4
800° F

1000° F -

Bearing Yield Strength

0.1 0.5 1 10 100 1000
Exposure Time—hr

Fig. 103. Effect of exposure time on the bearing ulti:iate and yield
strengths of quenched and terupered Type 422 stainless

steel sheet at different temperatures.

WADC TR 58-365 193 "




- 100

l“ 80
i 60

2
5 w0l

20

St

Ultimate Tensile Strength
100 | _| | | | |

2"

»

80

6C

R RARKRRAN |

40 |-

<

201

Tensile Yield Strength
100 | | | J | |

J QU P

10 hr
= 0.5 hr

Percent Room-Temperature Properties

80'

Ty

60 100 hr
100Q hr

PR
r v >

20

Compressgive Yield Strength
0L 1 | L | L
200 400 600 800 1000

Temperature—°F

Vb Y, % e
a'a -'A'_A"Jki. e

Fig. 104. Eievatcd-temperature strength properties as percent of
roosi-temperature properties for quencied and tempered
Type 422 stainless steel sneet at different exposure times.

AR

Py

WADC TR 58-365 164

. " ...'0-.' ‘}.'_l

e e
U

K FI
Qi d »

4
.
“»
a
1
A4,
"

..........................




3

HLLEERY LTS

PPl KRR

'l el S R

WS S S

SR YDy alt Lt

278" 2 s

[ LA

T Ts ALAMR, YL

T led. atatel

......

100

80 |~

60 |-

40 -

20 |-

100

Tensile Modulus
| ] { 1 1

100 |

80 |-

60 |-

40 [

20 |

1000 hr

Compressive Modulus

| I | 1 1

Percent Room-Temperature 'roperties

80
60}-
40 -

20

1000 hr

100 hr 0.5 hr

10 hr —~

Tensile Rupture Strength
Based on Original Cross Section

| ] ] 1 |

Fig. 105.

200 400 600 800 1000

Temperature —° F

Elevated-temperature properties as percent of room-
teinperature properties for quenched and tempered

Type 422 stainless steel sheet at different exposure
times,

WADC TR 58-365 185

NELY LY,




UL DRI I PR
.

100

Y ANA

80

Je ol

100

80

‘ol

60
100 |

L 1

RSN

X 80

2 Bearing Yield Strength e/d
N -

- G0

g 100 ' L

Bearing Yield Strength e/d =
60
100 L '

Percent Room-Temperature Properties

— . 100 hr- J

80 |-

e RSy RN

10 h
0.5 hr
1000 hr N

1

60

XXX AR

¥ o off )
R TN |
PREPINS W N T L~ R

40 -

g
i

~

20 | Ultimate Shear Strength

0 L R W . L
0 200 400 600 800 1000 T
Temperature—°" F e

CMILALE SR T

o Fig. 106. Elevated-temperature strength properties as percent of _'Ej-_’rft:z]
7l room-temperature properties for quencined and tempered e+ —am
“ Type 422 stainiess steel sheet at different exposure times. AR
-: WADC TR 58- 365 196 2
v Ty
2 T
N TET
...1'. -'_‘...




Ll I S

LRSI 8

vawT,

g
IR R B | | 257 PN I B I
g &8 8 8 88 & 8 ° F 8 8 2 g 8 <
4 -~ - — = v
1ed 0001 —ssaa38

Strain-In. /In.

Tensile stress-strain curves for quenched and tempered Type £22
stainless steel sheet at various temperatures and exposure tiraes

Fig. 107,

197

WADC TR 58-365



[ R

AL A NEENRF PSP S A N

* o 4 EER “ee".

¢« SEB.1. .8 o

AR | YRR

VS RIBIPAAYVE T

Cdla g

140 - /-\ 75° F
1 | L 1 l
120+ q 0.5 nhr
@
[W
8
S 121] 1000 hr
|
1]
§ | | | i |
b
120} /\ 0.5 hr
120 | ﬂ 10 hr
600° F
120 _/\ 100 hr
120 - A 1000 hr
3. ' 0.05 '
| 1 _ | |

Strain—In. /In.

Fig. 108.  Tensil Postyield stress-strain curves for quenched
and tempered Type L2? steinless steel sheet at various
temperatures and exposure times

WADC TR 58-365 198

------------------------------
...............................
......................................



) l‘ l' l‘
L

o
31

;

',

N

' a 2 v
o e L7
PR O
" e T e ey
s % ORI

LI T T}

. o . - l‘ ‘- .
e e

LAY e a % e m

P

72

U

20

. . s
.
..
O]
a. -

.l
Ta'ala

XA As

Vi
LY

a

O '4'{!

"’.' y
»
DA EARRE e

»

"
LN
CARN

N PRI

v

0L

-

P
.‘\{o'n‘_.

e

120

120

120

1201

0.5 hr

10 hr

800° F
100 hr

1000 hr

Stress —1000 psi

80

801

80|

30

Fig. 106

WADC TR 58-365

B | 1 J

10 hr

1000° F

100 hr

1000 hr

40

0.05

Strain—In. /In,

Tensile postyield stress-strain curves for quenched and temp-
ered Type 422 stainless steel sheet at various teraperatures
and exposure times.

199

N Y ".'. ."

... PO \.-&.-\.._,.._'..

E ARG

e

13
]

P,
NS

- e
s e,
o M

“_r

.
.

"

AN

.'. ."_.":" 3




R 8

.y
7 \
. ,
v B
, " \
¢ f ;
no E
—
S~
m a .n.
(=4 e
— o " .
= N O
e~ DT
@ .
w2 -
‘o

Compressive-stress-strain curves for quenched and tempered
Type 422 stainless steel sheet at various temperatures and expo-

=
K ...... :
) S
m ...-4 ' !
.ot LI N
- t w-- —-.
e -- -s. l-
o e
= S
-.
° QQ%— W

120 -
100
80}
60 -

¥

0
0
Fig. 110.
WADC TR 58-365

RERANEASTEE | SOOI SRREETAN  DETRUEEA «LRNSSEN R R (1 DR3¢ 3 {EMMD AP U]



.............
........

Ratio Edge-Distance tc
Hole-Diameter 2.0

280

240

200

160

120

80

£ 40

" Ratio Edge-Distance to

v Hole-Diameter 1.5
= 230

240 |-
200 |-
160
120

80

40

‘ 0.004 |

Fig. 111. Bearing stress-deformation curves for quenched and tempered
Type 422 stainless steel sheet at various temperatures and one-
half-hour exposure time.

Deformation—1In.

WADC TR 58-365 201

KPP IV WAL PURSLIRE. R, LG, Y RN TP AIPE WA MUY SR o Tet et " et Te® Tt tea e P N T N Wt pt A N N Wt

......

..‘!,,‘_..'.‘ .
‘
\

¢ e
LA fe ‘-‘.

v

-
. e 'l-

| NPA)

"n 1 -~

-« '1‘

- "\\ -
'.'\J‘\.
LV
'-.‘ M ‘-
AL

')-

PR
RRE RN
. "‘. '».\
AR
. -‘.' -" -
L R
P
AN
AT
.o
Ter
e
S
Noat
D,



Ratio Edge-Distance to
Hole-Diameter 2.0

280 |-
240 -
200 |-

160 -

120

80

& .S
2 9
S 0
(l') Ratio Edge-Distance to )
§ 280 L Hole-Diameter 1.5
a -
240 - -
200 -
160 |~
120
80
| %
40
s
0 .
Deformation- In, :
¥ig. 112. Bearing . ‘ress-deformation curves for quenched and temperer: Type ::i-jfi'f:::"

422 stainless steel sheet at various temperatures and ten-hour expo- i@« =e=
sure time. :

WADC TR 58-365 202 R '




Ratio Edge-Distance to
Hole-Diameter 2.0

280 —

240 f
200 i
B
160 KRR
TN
120 :

80

Ratio Edge-Distance to

280 |- Hole-Diameter 1.5 j:;-'~

Stress— 1000 psi
o

240

200 - RS

160

120

890

40

Deformation-In.

Fig. 113. Bearing stress-deformation curves for quenched and tempered Type ST
422 stainless steel sheet at various temperatures and one-hundred- P
hour exposure time. ARG

WADC TR 53-365 203 LR




APTs
o

Ratio Edge-Distance to
Hole-Diameter 2.0
280 |- Py

A P L L SN

240 |- 800° H -

|' 200 |-

. el
K p— - e e
‘. 160 ..j‘.-\_'
. S

"

120

LI
...

280 - Hole-Diameter 1.5 L

- 80 |- S
i 3 O
) 2 g oy
. o .
. =] .

S 0 2

Jn Ratio Edge-Distance to -

o

H

0

et WD e e

240 |- RN

’ 200 |- ..

160 —

120 +

THER )¢

80 |-

40 —

CIENE AN A, e,
(-]

Deformation—In,

Fig. 114. Bearing stress-deformation curves for quenched and tempered
" Type 422 stainless steel sheet at various temperatures and one- COENG
‘ thousand-hour exposure time. T

WADC TR 58-365 204 :;":‘, :{i'.: -




L2

vy

4
[
Ll

1 v - .
DR e o [N
P o 0,00, .

PP .- fer e Ty e -....-‘

N
Jort
)
- LN

R .

. ."l o
a_ .
P

g ¢
Sy

.
-

‘.’

Q20

13
«<
'

B NSNS

SRS O
[ AP
. -
ettt e

(4
A

P AL
\v'.‘r_'i Jo g -l "

£ ¢
>0

I} GORLN

.....
............
«

32

x A

24

20

16

12
75°

28

24 N\

20

Tangent Modulus in Compression—10° psi

\
s 05—\

—~—— 1000 hr

100 hrg\
12

\

400°

.

0 40 80 120

Compressive Stress—1000 psi

Fig. 115, Tangent-modulus vs. compressive-stress curves for
quenched and tempered Type 422 stainless steel sheet
at 75° F and 400° F and different exposure times.

WADC TR 55-365 205

.......................................

-oaY

160

B

Y

.
S
..
R
. - /
N
. <




.....
‘‘‘‘‘

oS e

Tangent Modulus in Compr'ession-li)'3 psi

32 i

P

 —— — o
0

! \&\«—— RN
20 1000 hr_ \ —~ 0.5 hr :::5::{:.‘

16

12 10 hr

A\//X

600°

24 : \:\“j\

Al oY*’“ 7
20

10 hr

1000 hr
1 — 0. 5hr |

100 hr

12— \ S

3 - \ — ] g
800° o

0 _

0 40 80 120 160 200 RN
Compressive Stress—1000 psi '*_:;.:};-j.

noon

Fig. 116, Tangent-modulus vs. compressive-stress curves for A
queniched and tempered Type 422 stainless steel sheet —

at 600° F and 800° F and different exposure times.

WADC TR 58-365 206

.................................................
.....................................................

......................
..........................



i‘n .‘\.:l .‘|
AN

¢

32

-

‘l'
S L'::":"'.
REAL SN I TR A SR

o
Ry
S
RRR
i
Sl

28 e —t—
1000°

.‘,‘
Tangent Modulus in Compression—10" psi

- Qe

[y

0o
w
%
!

R N
S

‘e
. Y -4,
.t S e WL

20 l

PR

16 0.5[hr

1000 hr E \%Y— 10 hr
12
\\ [ 100 hr
\

4 W\

T

0 i
0 40 S0 120 160 200
Compressive Stress— 1000 psi

Fig. 117. Tangent-modulus vs. compressive-stress curves for
quenched and tempered Tyvpe 422 stainless steel sheet
at 1000° F and different exposure times.

. et et et . AR
" “'ml.,-L‘ A—’Q—". s \'-a LS

. N AL

Y D

WADC TR 58-365 207 RO




R A L b
...... 'y ORI ILPL SRR AR ..w.....
. 9°252 ¥ 60T g L Z°SC 2 eh1 17021 Bay !
" 0692 0°LIT g L 8°62 S LPT S '621 .
0°'vie 8901 Ge L 3°6¢ 9°¢¥1 g 611 !
0°'GI2 ¥ %01 g L o 24 98¢l 9 11T 000t 00% .
; ¢ 912 L 801 £ 9 0°62 G THl 8°GIT Bay ;
. S 282 € '801 £ 9 0°92 S eh1 G LIT .
. 0°102 0°LOT £ 9 L°62 0°T¥1 v o9ll .
. 0912 0111 (4% 9 | A YA c'ovl1 g'ell 001 00¥% .
: £ THT Say :
. 0°LET X
- 0°2¥1 ;
; 0°6¥1 o1 00F o Y
.. = X
' !
8 "Z61 9 0TI LE 9 G 82 1LY g L2l 3ay J
. S "002 G911 LE 9 962 0161 0°2¢1 "
. 5 'G61 6011 LE 9 L°L2 0°L¥1 0921 iy
: G 28l G "GOT 9¢ g v 82 32 0°¢21 S 0 00% ]
/ L €02 2811 g L € °0¢ L 8SI 2 8¢l Say
. 0 %02 0°LIT 9¢ 6 €08 0°%ST 0°G¥1 :
_. 0°902 G811 g g 0°0¢ 0°091 G681 )
: 0°102 0°61T c¢ 9 9 '0¢ 0291 2 o¢l 2 S 3
j © N
: 1sd 0001  1sd 00OT  NGPY % 1sd 56T  1sd 0001 1sd 00T Iy ‘awrl . 9 \
/ «sd SH wpaeq  ‘Suory AN SLn SX BupioH dwal 3
-. R [N
’ Sawr], SUIp[OH pue saameJadwa] JuaJIa I e L
1® 323YS ,[33)G SSajulels gg¥ 9dAL 'UI-g9) 0 JO sendadold aisual, M ]
‘_ 8% 31qel = g
. y

AR S AT T ) L -<.....q..q.. . /.lr... -
\.\..».-......... \n\. RN RO w\ \.“...‘....\..\. ‘
* . . . A . . -

NN R .\... L ST




S DA A1 AR R A

IR LA : N\ PRV )

- By X ,. o .\.. u..”..a.\- u'.ur. .J\.vzn.). il w ...:..\:........ .u... ! ’ . "

8861 b 86 9¢ 8 9°¢2 L1e1 8°SCI 3ay R
0°261 9°L6 9¢ 8 e 74 0°26T 0°20r1 L
G ‘681 996 9¢ '8 4 0°0¢T G Z01 35t
0°512 0°¢0T g 8 082 0°sel 0°StI 008 oy
0°'%22 LB 9¢ g L2 1°0b1 6 FII 8ay S
0°622 01T 8¢ 12 €°ve 0°0¥1 S IT1 =
(14 AR ¢ 9 (e 74 (1821 z 811 »
9 881 8°SII 9¢ g 7°62 G 'egl 0°GlT 009 -
0°6€2 LO1T 9¢ g 1712 98¢l €901 Say gy
0252 0°¥IT G g 4 TN 0°101 o
0°L¥e AN &1 8¢ S 9°Ig 8 '8¢ 2 901 e
0822 S ¥01 ce ¢ L 24 0°8¢T g III 009 2 R
oy .

8 g6 8011 8¢ 9 £ 82 ¢ '8¢l g 211 3ay
0°012 S '801 o¥ g L°L2 0°L81 0°2IT “
0°00¢ 6°TT1 8¢ L - 0°'T¥I 0021
S L6T 07211 G g 0°62 0°L8T 0601 009 o
£ %62 L°Zll I 9 T 0'6ST  9°III Bay Tl
0°9L2 08T 147 9 9°czZ G 6¢l 6 II1 R
0°862 G '601 z¥ g 9°6Z G 6¢l G 601 S
0°60€ S 0I1 ov 9 £ °0g 0°8c1 e & 009 SR
% f .1.

15d 0001  18d 00OT ~ NGPH % tsd o1 1sd 0001  Tsd 0001 1Y Ity . % A
SY Sy [PIeH ‘Buory IN SLN SX 3urpioH dusl TN
e R

sswrL SuIploH pue ssameladwal JUsIaIq 3] ”

1B 123YQ 4]3935 §83UTeIS ZgF 2dAL "UI-ggQ 0 JO Fanzaxadoid o(iSusy, m RO

A

(panurjuos) gg aqel = _M

"4

(O

OO I T Al 14
bh. LA RYA YA EERYY L LS A




I A N
S A g
N ..\.v.\\\“.

* = Iw ..
O A

L'8¢l 0°'%9 8¢ o1 0°82 ¥ 86 0°G8 Bay
0°cel 819 LE o1 - 6°001 L'?8
G621 ¢'09 LE 6 9°82 0°L6 ¢ 'v8
G 1t 9°69 6¢ I S'Le ¢ 86 2 98 ot 0001
£°0gl 1°69 9¢ 21 0°22 £°g0t ¢ 06 say
0911 0°'%9 g€ 1] 6 €C 0°v01 0°L8
0°Gel 0°%9 LE (4 ¢ ¢3¢ 0°¢01 G'g8
0°0%1 g£°L9 9¢ €1 861 0°101 0°G6 co 0001
£°691 G886 LE 9 8°€¢ 8°Lel 0 ¢t 3ay
0°8Ll G'L6 LE L G 2% 0°621 0301
0°LLT G°L6 LE 9 L'13 S 1Bl 0201
o°'getl S '001 ¢ S €°Le 0°.et 0 ‘801 0001 008 <
~N
0°02¢ b 201 6¢ L 6°'v¢ z'1gl b €01 3ay
0°62¢ 0°66 oy L L'$2 0°0¢eT 0201
0°¢02 8 "GOl oy L | 914 0°ecl 8 '601
0°822 G 201 8¢ L 8°92 g oel G 201 001 008
£ 002 1001 9g L 0°52 0°1eT T°66 3ay
0°8LT 0°66 9¢ 8 ¥ ae S '0etl S'¥6
0°6LY € 001 cg L 6°¢€¢ G'Igl 07201
0°'v¥¢ 0°101 9¢ L 9°62 0°1gt 0°10Y C1 008
+ [Te}
—_— —_ ©
1sd goo1  'sd 0001 NGHY % 1sd ot 1sd goot  'sd 0001 ay ‘dwtl d, 2
¢Sy S [PIeH  duoly W SLI. SA duipioH dwayl J
o5
SowT], SuIploH pue seamesaduwa] juaxang =~
1€ 199US 12915 Ssa[ulels ggh 2dAL "uI-290°0 J° sarjaadoad arisuc L M
<
(panurjuod) g7 3iqel =

T T CTr ~ WRiers ~ Vs SRy  WENRRN  Srooch SEoRIu) it i)



e tte e A
¥ * ..- -. e
e e e .

ARy

. s
H L] 4 -
e N el e

’ ay g o L0, *Xrviaasydsoune ucdae vtw g1 4 00671 — 1uLSUWIIEdI} 1B P
‘u01103S SSOJD [Bul} U0 p3aseq yi8uaays aamydny ¢
- UOTIDIS S$SOJD [euldrao uo paseq yiBuaays samydny g
* 3159} a131)e samiesaduial WOOJ JB SpeUl SUOTJBUTW.II}IpP SSIupdeH |
€ 6E1 LL9 . Sg 4 692 226 0°¢8 Say
G LPI L'LL Gg 21 1°82 S 001 G°18
G'yer 629 14 L1 £°92 L°06 L'18
0°'9:1 6°29 ve A €92 G'G8 8 6L 0001 0007 m_
8 'G¢el 119 G¢ 1) § (44 6°26 1°¢8 dry
0°2sT L'99 9¢ o1 9°%2 T'v6 828
0°¢ell 0°6S ke 6 F°€e 8°26 (]
441 G LS ve 1 G 8l 8°16 VI8 00T ooot
—_ - - ©o
1sd oot 'sd 00CT  NGPY % tsd .ov tsd 0001  'sd 0001 Iy ‘owlL i, 9
Sy :SY PIed "duoi g an SLN SK durpioq dwal &
e
S LI [, SUTPIOH pue mwhﬂumkvmaw'ﬁ uaJgadng &=
1€ 139YS uowum ssafurels Zzy 2dAL, "u[-290°0 0 sarjaadoad ajIsuaj, m
(panurjuod) gz 3qel .,n




.Wx.....\-. ’
c_..-.\-.\\.. AN & AR SR A

«v 0. %a’

IR PR

8¢ L'TGT 8¢ 9°2st LE 9313 Le I°2GI Say i
- - 8¢ 0°'est LE G IST Le 8 €SI NN
8¢ 0°25T 8¢ S IGT LE 0°1¢I Le G 'SST
Lg 0°€GT L8 g 2t Le 0°'¢est 8e 0°%St N
8¢ 2 0GT e 0°1G1 Le 0°1ST Le 0°c¥t 008 s
AT

6¢ 0°891 LE 2 0Ll Le ¥L91 9¢ 8691 Say
- - LE 0°gLT Lg S .91 Lg 0°99T L
6€ 0°89T Le 0°821 Le G "L9T Le 0°99T B
8g 0691 o¢ 0°0LT Le 091 ] 0°291 o]
0% 0°L91 L8 0°0LT Lg S L91 ] 0°%91 009 R
8¢ 0°0LT 5¢ 8691 6¢ €691 Le 6 €L 3ay R
8¢ A 68 0°69T 6¢ 0 gLt Lg 9°gLT LU
8¢ S '891 ov G891 68 0°691 9¢ G gLl
8¢ 0°0LT 6¢ 0°2LT 6¢ 0°991 LE G bLT 00¥ " R
o RN

ve S 98T 3ay
e G L8T . L
2¢ G -G8l o
9¢ G987 Ly
oY 1sd 0001 od 1sd 0003 oy 1sd 0001 oH 1sd 0001 d, .
pleH sLn pIeH sLn __paeq sLn zP1eH SLN duta L :
0001 00T 01 g/1 Jy ‘2wl
ButpioH y

saurt], Suip{oH pue saimesadurs 1, JUaIdINQ
1e 3je1d (321 ssajurels ggp 3dAL ‘ul-9y/¢g Jo 3Pualig atsua ]

62 21qBL

WADC TR 58-365




D'vaug J ,0001 OO ‘xaydsounye uofze wwx g A 0061 — Iwdunesa; jed ‘g
‘g3183} 193y aanjeradura) WOOI je SpEUW SUOTIBUTW ISP SSIuUpIeH °g
‘yyAuagys IfIsual Rewnyn g

Le L9 96 8¢ £ 201 8¢ ¢ eIl 8¢ g'2I1 Say

Le 00 66 9¢ S Z01 8¢ 2211 8¢ 211t

Le 00 %6 8¢ 0 '¥01 LE ¢ 211 9¢ 2 111

9¢ 0016 6¢ S 00T 8¢ b el ov 0°¢Il 0001

oH 1sd Q00T od 1sd 0001 oy 1sd 0001 - oy 1sd 0001 K
pieH Sin paeH SL pIEH SN ¢PIBH SLA durag,

0001 001 ot 2/l Iy ‘aurng,
Suip1oH

sawr], JUTpIOH pue saJnjesadwa] jualana

1® ajeld (l221S ssajurels ZZy ad{y, ‘ur-gy/g o 3 Buaalg S1ISuUd ],

(ponurjuoo) 62 AlqelL

213

WADC TR 58-365




T I TP Y Ve VW

A
e
M
A4
.
e
.

W ....”..”m\\rn.«”.”...\. « x......\.....,,.....
K e -.. .\ ¢ " ..
68 6'¥¢ 0921 o O'vZ G 'S¢l LE ¥'€¢ ¥°921 8¢ 0°G¢ L'L21 Say
0¥ 6'6e 0vel 0 892 G°uLZI 8¢ ¢€°¢¢ 0821 Lg 292 G621
ov 0¥ 0621 o 902 ¢-Ofl 9¢ L°0Z 0°92I 8¢ 0°6Z €921
8¢ 'S¢ 0°621 o0 S¥C G811 L 192 2621 8¢ 6°GC2 VL2l 008
8¢ L3 L6321 LE G'9¢ 8°'cel 8¢ 69¢ ¢G'62l 6€ 8°LC L¥EI 3ay
8¢ 2°8C ¢'gel L T'92Z 08¢l LE G692 0°2¢l 6 ¥'LZ 0°0F1
8¢ 8°LC G621 L ¢%¥¢ 0°8¢l 8¢ L'9C G821 8¢ 1'82 O0'1gl1
8¢ I'¥¢ 0°0¢1 Le T'68 G'IgI 86 G°LZ 0°821 66 6°LZ 0°¢gel 009
Lg €'ve L O¥FI 8¢ VLT 8°9¢€1 GE €°6¢ 6°¥el L 0°LZ G'GZI 3ay
Le G'6Z 011 8¢ G'92 O0°0%1 G¢ L'92 G¥el 9¢ L'LZ G121
8¢ ¢’'IZ 0°gh1 8¢ 8°.% G'Gel e 292 Ggel LE 6°9¢ 0°0¢1 Sy
LE €9¢ 0°8¢l 66 6°L% 0°6Gel 9¢ 1°'6¢ 8-9¢rl - 8¢ 69 0°¢gl 00% )
L& L'IE  6°6FI Say
LE 6°'2¢ 0°¥pSI
9¢€ 0°'Ie 8°9¥%I
8¢ €18 0691 LY
NGPH tsd  1sd NGHY 18d  1sd NG¥Y 1sd  1sd NSHY 1sd  1sd d .
pI®H 0T 0001 PIeH 501 0001 pIeq 01 0001 :pa®H 90T 0001 dwag
dIN SAD adN SAD JN SAO dN (SXD )
0001 001 or1 e/ Iy =
awl] 'PIoH w
sa i, urp[of pue saanyedadwa], juadsng m
e 193YS Jo3g ssaurels zzy ad{], ‘uj~-zgQ'Q Jo sanIadoag aassaadwo) O
fa)
0€ d1qeL N

PRl AR B . J R

1T AT R A AN Ty Y R Y AT KA

THEN Sy Y Y 8 .

Ty €Y P ) S C WV T T TRy Y R W Y 9 Y PrEERS Y ' ¥ G Toeve WrW 'Y WO " R WS

v




.
DV Ay g 4 ,0001 ‘'O O‘saaydsourje uodie urwr g o 0061 — juswjead) jeayy ‘¢ :
"SS9} J23ye 9Umjeaadwad) WOOL JB IPBUI SUOTIEUTUIIS}IP SSaUPJIRY ‘2 )
yiduaais pratf aarssaadwo)y i .
[Tg]
6¢ 822 0°16 L 6°0C 8°€0T L 822 0°801 G 9°¢7 6001 3ny o
9¢ m”ow €16 L 0°6Z2 G°I01 L 9°'62 O'TIIT L 2°2¢ T'201 .
145 r.mw G €6 8¢ 891 0001 L L% 0°90I S¢ 9°%2 2°v0I B
9¢ ¢€'v¢ 788 L 8°0¢ 0°601 L 1°02 0°L01 PE 1°%C 2796 0001
Nepd 1sd 1sd  Ngpy 1sd 1sd  Ngpu 1sd  1sd  Ngpy 15d  1sd A,
PIEH 901 0001 PI®H 90T 0001 pPIeH 01 0001 .pI®H 0T 0001 dwag,
dJN  SXD dIN  SXO dN  SXD dW  ,SAD 8 ‘
0001 001 o1 2/1 T q_u .”
awrl pPloH R :
o 2
saun], 3urpjoH pue sasmjexsadws], JuaIayi(q = -
1® 399yg 9335 ssajurels ggy 9dAL ‘ul-ggQ "0 Jo sanzadoag sarssaxdwory m 2
V‘\l
(panunjuos) gg a1qelL M M\
/’
iy
¢ &
>
77
b2,
4
L~

¥

*" s ITWNY e 3 /0 /BRI 2P 707y .. """ 7] " GRSy Y (Y EEEYYYTYTYY THEERY "% . e s e d V¥ 8 "W X My TS - - S e, .vEMERS Y B € 8 % Y T CERE T T v _w.e .=t mR F_



Ge 0S 'G6
LE ob 'S6
I¢ 0L 86
LE 0g ‘26
Ge ¥ 101
25 0201
£¢ 886
6¢ G "£01
145 0101
G¢ 0°101
£¢ S 66
43 G ‘201
Le £ 'GIT
9¢ 0°¢I1
Lg 0°GlI
8¢ 0811
o4 1sd 0001
_pleH SSN

0001

9¢ 0% '¥6
9¢ ov '¥6
9¢ 0% '¥6
9¢ oV '¥6
62 £6 '86
62 0001
(1]5 g "00T
62 00 'L6
62 G2 ‘86
9¢ 0°101
9¢ S €6
Lg G ‘201
9¢ 1001
oH 1sd 00QT
DITH $Sn

be L1 %6

ve 0S "6

45 00 '$6
¥e 00 ‘6
9¢ 6 "001
9¢ ¢ 001
9¢ G "001
9¢ G101
9¢ 0°101
o}t 1sd 0001
pJaeH SSn

01

Ge £8 '$6 3ay

Sg 0S "¢6

9¢ 0S 'G6

1% 06 '¢§ co8

145 L1°66 Say

pe 02 "66

ve 08 '86

be 0G "66 009

be €001

1% 0°'¢gor1

£e ¢ 66

€e 8 ‘86 00%
3ay
1y

oY 1sd 0001 d,

ZPI12H .SSnN dwag
’ 2/1 JY ‘awat L
SuipioH

sawl], Sup1oy pue sainjeradwa ], uaIajnqg

1e 3jeld  1991S SSIUIEIS ZTH 3dAy ‘ui-gy/¢ Jo w:duaxg aeayg

I1¢ 3lqel

216

WADC TR 58-365




£e
ee
ve
1€

oY
P1EH

€6 €L
0S "€L
0g ‘€L
00 ‘SL

1sd 0QoT
ssn

FOCIR S S 50,

0001

PAEREEE A
A . -

FARXX LY 1N

D o i R I

v 'ayz ‘9 , 0001 “® ‘O ‘9gsydsouwie uogae utwr GT 4 0061 — juauriead} €3y ‘g LA
's3593 J13jje aanjeaadwa} WOOL jB IPEBW SUOI}BUTWJII}3D SSaupIe °g
‘y3duaays aeays ajewili) I A

217

ve LL 08 9¢ LS 'GL 5S¢ L9 °LL 3ay
Gg 0% '18 Le 08 ‘9L og 0¢ "LL o
43 0L ‘8L ve 02 ‘%L 9¢ 00 ‘8L
be 02 '28 Le 0L 'SL Ge GLLL 0001
oy 1sd 0001 oY 1sd 000T OH 1sd 5001 A,
p41eH ssn pJey ssn zpI1eH SSN___ duwa

00T ot 7/ 1 IU ‘ourty,
duipioyg

sawIt], Bulp[OH pue saamjeladwsa], uaIajng
18 a1e(d ¢[991S SSaluIels ggp 9dAL "uI-gy/g Jo y1duaays Jeays

- “m
5%

WADC TR 58-365
N, <

(panunuod) y¢ 21qeL

L
"k'

A AR
ACSOTERS

-

r . - - -
NANRER ST
Sl aln

L SNYNYYY SRR ARG RN RN - Tl .S aP s dly . AIRARIPSINIS e IR S I B ) S PREAY R AR BV L R




.....

py e » 4
- BRI L D 00 R ¢
I ] ) L 20 R B
B ..r\.‘-\.\).\.fv.dv... 3

82 0°90Z 2Z°8p1 8¢ £°922 2°L91 8¢ €°I1Z 8°191 6¢ 0°212 L'pSI 3y
6 0°602 - 8¢ 0022 L°091 68 0°2I1C 0°9ST 6¢ 0212 -
L¢ 0°L0Z 0°151 8¢ 0°822 0°291 66 0°60Z 09I 8¢ 0212 0°991
66 0202 G'SHI 6¢ 0082 0°6LT L 0°SIZ G°GSI o¥ 0212 G '¥¥l 008
8¢ L°LIZ L '691 8¢ 0°822 L'181 66 £°T11Z S°'PLI 6¢ 0'91Z 0'6L] 3y
6 0°LIZ 0°691 e H°¥22  0°v6l 68 O°¥IZ - 68 0°GIZ 0981
ob 0°612 0°0LT 6¢ 0°622 0°08T 66 0602 0°I61 0¥ 0'812 O°LLY
6 0°1.2 0°0LI 8¢ 0°I€Z O0°TLI 8¢ 0°ITZ 0°8SI 6¢ 0°GIZ O°PLl 009
Le L°€2C T°891 6¢ 0082 O°¢6l 8¢ 0°'622 €661 3ay
L& 0°1ZZ 0L 6¢ 0°622 0°¢81 LE 0°622 0°602
L& 0622 G'ILI 8¢ 0'¥e2 0002 8¢ 0922 0°£02
L 0°12Z 0°291 6¢ 0°L2Z 0°96T 3 0°2¢2 0981 00¥
LS L2352 0°LZZ Say
L& O0°13Z 0°s2ZZ
Le 0°85Z 0°geg
L& 0°¥5Z 0°822 1y
NGHH 1sd 0001 NGHY 1sd 0001 NGpH 1sd 0001 NGyH 1sd 0Q01 d,
pieH Sd.] SXd  paeH sdn SXd pieH sdn SX9d pIeH  ,edn  ,Sxg dws
0001 001 o1 Z/1 ay
WL ],
‘PIOH

saull], SUIP[OH pue seametadwa], Jualajng

1B 393YS ([293)S ssarurels gz dAL ‘uI-z9Q 0 JO ssanaadoaq Suiaesg

2¢ °1qBL

218

WADC TR 58-365



"DV ‘A4 g A L,0001° DO ‘adasydsoune uoSae utwt g A 0061 — 1udwneas) iBdH "G
G ' oneJ I3jawelp-s10Y 03 asue}sip-a3pd P
*$159} J9jje aameaadwial WOOI j& IPBUW SUOTJIBUILLISISP SSI3UpPJIvH '@
‘y38uaays Juraeaq ajewndi) g
‘q18uaays pratk Juuaeag |
G¢ 9°'IF¥I 0°g?l 8¢ 8'16T 97921 8¢ 87831 L'PEl LE L°LGT L7681 3ay

9¢ 001 O°'gcl 8¢ G'3ST g°¢21 8¢ ¢'8ST 08¢l 9¢ 0°¢sT  O°1¥1

Ge O0g¥l O°cel 8¢ ¢'¢GT  G°OEl 8¢ 0651 0°2¢l 8¢ 09T 0°LEI
¢e 8TYL  0°vCl 8¢ 0°0ST 0°921 8¢ 0'651 O°¥El 9¢ 0°9GT O°TI%I 0001

Ngpd __ tsd 000l NGPY 1sd 0001 NG¥Y tsd 001 NG¥H 1sd 0001 d,
pley SdHN SAd pIeH sdn SAd piey SdN SXd gPIEH 254 (1 SAg dwe]
06001 001 o1 g/1 2y
s,
'PIOH
sawr], Sutpioy pue saimeradwa], uaI3na
B 133y [331§ ssaturels zzy adLy, u1-z90°0 Jo ,saniaadoad sutaeag
(panurjuod) ze 2qeL
AN PSRN | OO - PNFIRAXS  AANASANT WAGOOWNE 18 SPCRANRY - SRR XA (AN

219

WADC TR 58-365




.’ \A\- ..\..\é.. ,u...‘. A
<n.\-~\\\ vw..c\l\\tx.
Urh oSt b)) ot deds, LPA N PRI A

]

AAL A vy T v-w
mv ﬂ m—ﬁl\.la..;.-/_.f

r €2, 0°202 6¢ £°69¢ 6002 oF €9, 0°802 44 0°'1L L'v61 3ay
Iy 0°%.Z 020z 6€ 0°€LlZ 0°902 v 0082 0°'vee |84 0'¥LZ 0°L6T
o 0°0L2 0°902 6¢ 0692 G102 8¢ 0°282 0202 144 0°992 0°061
Ir 0°€lZ 0°LeT 8¢ 0°99Z 061 ¢k 0°L92 0°8817 |84 0°6LZ 0°L6T 008

6€ L°9LZ ¢£°L61 LE 0°'8Lz G'gIT 8¢ 0°LW62 €112 °¢ 0°¢ec  0°002 3ay
66 0°€LZ 0°881 Le 0'9LZ 0°¥81 L O0°'F6C 0°9%2 9¢ 0°182 0°L6T
0F 0°'tLZ 0°012 8¢ 0°'6LZ 0'9¢2 8¢ 0°00c O°Lel Ge 0°¢£82 -
6 0°¥8Z G'¥61 Le 06, <022 66 0°L62 O0°I61 9¢ 0°682 0°¢c02 009

8¢ L'$0g € 'g81 6¢ €962 0°622 LE 0°'682 0°661 Bay
8¢ 0°T0¢ G081 6¢ 0°682 0°21Z LE 0°'G82 0902 =
86 0°0I¢ ¢ IS8T g€ 0°L6Z 0°952 LEg 0°G82 O0°p61 N
66 0°s0¢ 0'¥8I 6¢ 6'g0¢ 0612 Le 0°'68Z 0°L61 oov
L& L°6%Z¢ ¢ °'5%2 8ay
8¢ 0'82¢ 0°'Z¥2
8¢ O0°'Ige 0°9sZ
8¢ 0°0s¢ O0°192 Ld
NGHY 18d 0001 NGHH 18d 0001 NGpY 18d 0001 NGHY 1sd 0001 g,
pIeH  SdN SAY pPIleH Sd1N Sad PIBH Sdfn SAd gpIey LS4 1ISAS dwag,
000T 001 cr 2/1 Iy w
sully,
'PIOH @
o
saw] Suipiof pue saameladuray, Juaiajnqg &
18 393Yg ;193318 #83aTuUIRIS ZZH 9dAL -ul- 290 0 Jo mmzhmmo.ﬁm%?amm m
£¢ a1qe], 2

SAAN SXARAAAY  PAAAAN  ERESAR  (EAIN  REEE  RTtR L IASRN - DRSS + (SRR R RN S P R 10



D'vayg g 0001 ° ‘® 0 ‘oxaydsounje uodae utwr gT 4 0061 — juawleasy je”H
'0 "2 O13eI J3)awWelp-3[oy o3 aoue}sip-28pd

-g1891 J3jJe aanjeaadwa) WOOJ j& SPEW SUOTIEUTUIISISP ssaupJeH

‘p3usys Suraeaq ewniNl

‘y38uaays praik Buraead

—~ o3

18 ¢eLl  0°SE. Le £'68Y 0°8¥1 Le ¢©°86T €784l 9¢ 0°012 0O'¥91 3y

ge O0°'cLT O'€el A 0°'681 e 0°gel 0°¢gSl LE 0°¢1Z2 0°LeI b

9¢ 0°'sul  0'€el 1 9'e8t 0°T¥I g 0202 O0°%91 Le 0°'e1Z G'ILT o
9¢ O0°'pLT Q66T 8¢ 0'¥6T 0°'¥Cl gg 0°'002 08¢l ce 0°'202 O°%9I 0001

NGHYH 15d 0001 NgPY 18d 00QL NGHY 1sd 0001 NeHYd 1sd 00QI E

pasH _ S€N Sid _ paeq sdn sAd PpasH __ sdn SAd pIeH  csdn  (SAY _ dwel

0001 001 1) § T/l g 83

aurry,

PIOH X

aournrl JUTpIOH pue salnjetaduway, JuUaINd ﬁ

1€ 199US (199:S 883TUeIS Z2% 3dXL ‘ul-g90 0 JO ysanaadoxd surreaqd M

(panuuod) gg qelL =

4 T L. e r S s AR \ ¢T¢ Ve ¢ EERE V.. C.Te v EEEE, . s o8 0 KN ¢ € ¢ ¢ SR ¢ Y. .ToEmaw v L%

e s Rt Y $ T ¥ v m SrTEERY T S smW VN WM s 4 s F e ° Y mer -




10.6 17-22 A (S) Alloy Steel Sheet, Quenched and Tempered
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temperature properties for quenched and tempered 17-22
A (S) alloy steel sheet at different exposure times.
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Tensile postyield stress-strain curves for quenched and
tempered 17-22 A (S) alloy steel sheet at various tempera-
tures and exposure times.
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Table 40 ‘

Ratio Relationships of Properties of Test Metals at
Room Temperature RIS

o

Metal

A-386 17-7 PH ThermoldJ Type 430 Type 443 17-33 A (S) -

Alloy Stainless Alloy Stainiess Stainless Alloy XA

Relationship Steel Steel Steel Steel Steel R

UBSI, e/d:2 o
5SS 3.14 3.31 3.16 3.07 2.88 2.89 ::T:.::\_::i.:

UBS. efe=2 2,07 2.00 1.96 2.08 2.08 1.95 At

UBS, e/d=23
UBS, e/d=1.5

1.85 1.81 1.41 1.32 1.80 1.35

Tensile M. E* RO
Comp. M.~ 097 0.9 0.96 1.04 0.95 0.96 R

%g—'@ 0.92 0.89 0. 87 0.86 0.74 0.72 Sl

E?—?“L 1.60 1.18 1.37 1.30 1.28 1.76 B

USs
TTs 0.65 0.63 0.66 0.62 0.62 0. 64

BYS', e/d=2
TYSS

1.99 1.70 1.67 2.15 1.78 1. 67

BYS, e/d=2
BYS, e/d=1.5

1.15 1.18 1.26 1.23 1.08 1.33

. :
%—-§§ 1.08 1.09 1.10 1.20 1.08 0.85 ¥ =

Ultimate bearing strength

Ultimate shear strength

Ultimate tensile strength

Modulus of elasticity

Tensile rupture strength based on original cross-sectional area
Tensile rupture strength based on final cross-sectional area
Bearing yield strength

Tensile yield strength

Compressive yield strength

Do =TIM b LN
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